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I. THE QUANTITATIVE ESTIMATION OF COTTON CELLULOSE IN THE 
PRES:ENOE OF WOOL, SILK, REGENERATED CELLULOSE 
RAYON, OR CELLULOSE ACETATE RAYON 
The demand for definite information about the composition of union 
textil.es increases the need for better methods of quantitative estimation 
for the different fibers of such mixtures. The methods which have been 
used for the estimation of cotton cellulose have chiefly been those by which 
all other fibers are dissolved and the residual cellulose is weighed. Varia-
tions in the use of a solvent as the size and preparation ( 61, 85, 88) of 
sample, concentration, time, and temperature of treatment have given rise 
to a range of corrections for the cellulose dissolved. A critical study of 
these methods has been made in an attempt to determine more definite 
values for the cellulose dissolved. 
HISTORICAL 
The effect of wool solvem,ts on cotton 
Dilute solutions of potassium hydroxide or sodium hydroxide have 
been used to dissolve the wool and occasionally the silk of textile mixtures. 
These methods are reviewed in table 1 and table 2. 
TABLE 1. The 1tse of potassiiwin hydroxide as a soltient for wool 
-
Loss in 
Pota,ssium weight of 
Method hydroxide Ti mo Temperature cotton 
percentage min. percentage 
Stefanelli (127) 5 boiling 
Villavecchia and Hannau (135) 10 hot 
Dannerth (22) 5 15 boiling 5 
Herzfeld (58) 10 boiling 
Darling (23) 5 10 boiling 5 
Mackinnon ( 89) 5 2-4 boiling 
Harper (51) 10 10 boiling 5 
Matthews (91) 5 20 boiling 3 
Griffin ( 46) 5 10-15 boiling 3.5 
A. S. T. M. (1) 5 10-15 boiling 3 
Phelps (103) 5 10-20 boiling 5 
Kauffman ~74) 10 60 90°-100°0. 
1 Journal Paper No. B63 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
2,s,4 Contributions by these writers were based Olli results reported in Master's theses. 
(See literature cited 157, 3, 37). 
[57) 
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TABLE 2. The use of sodium hydroxide as a solvent for wool 
Loss 
Sodium in weight 
Method hydroxide Time Temperature of cotton 
percentage min. percentage 
Mulder (93) concn. 
Rouchas (114) 5 
Stefanelli (127) 5 boiling 
Remont (109) 2 15 boiling 5 
Elsner (32) 1.5 15 boiling 5 
Lossean (115) 1-2 10 boiling 
Richardson (111) 2 7 boiling 
Hunger (66) 10 15 boiling 4.0 
4 15 boiling 2.6 
2 15 boiling 2.3 
Kapfl' (71), Pinagel (104) 2 15 boiling 3.5 
Posselt (106) 5 15 boiling 5 
Miiller ( 94) 10 35 boiling 5 
Duyk (30) 2 20 9o•c. 
Green (44) 10 20 boiling 3.5 
Bureau of Standards (16) 5 10 boiling 5 
Grempe (45) 3 
Weltzien (153) 4 30 room 5.2 
6 30 room 5.7 
Sommer (125) 4 30 boiling 3.5 
Heermann ( 55) 10 35 boiling 3.5 
Heermann ( 56) 2.5 15 boiling 3.5 
The effect ,of silk solvents on cotton 
Concentrated hydrochloric acid ( 93), alkaline copper or nickel hydrox-
ides, basic zinc chloride, and concentrated aqueous solutions of calcium 
thiocyanate have been used as solvents for the silk of textile mixtures. 
The use of hydrochloric acid as the differential solvent is summarized 
in table 3. 
TABLE 3. The use of concentrated hydrochloric acid as a solvent for silk 
Loss in weight 
Method Time Temperature of cotton 
min. percentage 
von Hohnel (136) 0.5-2 boiling 
Richardson (111) 0.5 boiling 28 
Posselt (106) 2-3.0 5o•c. 
Collingwood (17) 4.1-5.0 
Matthews (91) 4.0 
A. S. T. M. (1) 2.0 49•c. 
Heermann ( 56) 3.0 boiling 
Schweizer (121, 122, 123) noted the solubility of silk fibroin in am-
moniacal nickel hydroxide ( 41) and Stefanelli ( 127) and Persoz ( 102) 
used Schweizer's reagent to separate cotton, silk, and wool. Heermann 
and Sommer ( 57, 124) suggested the recovery of the cellulose from its 
solution ( 60) in Schweizer 's reagent. However, it is Lowe's ( 87) alkaline 
copper glycerol solution which has been used generally to dissolve the silk 
of textile mixtures. The different methods are listed in table 4. 
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TABLE 4. The use of alkaline oopper glycerol as a sofoent for silk 
Method Time Temperature 
Loss in weight 
of cotton 
min. percentage 
Richardson (111) 20 room 1.0-1.5 
Posselt (106) 15 50°0. 
Dannerth ( 22) 30 room 
Villavecchia and Oappelli (134) 120·180 room 
Herzfeld (58) 10 
Schloss berger ( 117) described ammoniacal nickel hydroxide as a sol-
vent for silk and stated that it had little effect upon cellulose. Richardson 
(111) proposed a quantitative separation of silk from mixtures by means 
of this solvent. Darling (23) and Duyk (30) have used similar solutions 
of nickel. The use of ammoniacal nickel hydroxide as a solvent for silk 
is presented in table 5. 
TABLE 5. ThiJ use of am'l1t-01lliaoal nickel hydroxide as a sol1Jent for silk 
Method Time Temperature 
Loss in weight 
of cotton 
min. percentage 
Richardson (111) 2 room 0.45 
10 boiling 0.80 
Posselt (106) 3 hot 1.2 
Collingwood (17) 1.0-1.1 
Dannerth ( 22) 5 20°0. 
Beucke and Collin (11) 1.5 
Wadsworth (152) 10 room to 
near boiling 
Matthews (91) 2 room 1.0 
Persoz ( 101) suggested basic zinc chloride as a solvent for silk. The 
ways this solvent has been used are listed in table 6. 
TABLE 6. The use of basic zinc chloride as a sofoent for silk 
Method Time Temperature 
Loss in weight 
of cotton 
min. percentage 
Remont (109) 2 boiling 
Richardson ( 111) 1 boiling 0.45·0.60 
Collingwood (17) 1.3 -3.0 
Harper (51) 1.5 -2.0 
Matthews (91) 5 bQiling 
von Weimarn (142, 143, 150, 144, 147, 145, 148) has shown that the 
concentrated aqueous solution of any readily soluble salt capable of strong 
hydration will disperse silk fibroin and Honsch (64) has shown that cotton 
and wool are but slightly attacked by boiling solutions of calcium, lithium, 
potassium, or sodium chlorides or of potassium thiocyanate. Krais and 
Markert ( 80, 81) have developed a method for the quantitative estimation 
of fibrous mixtures based upon the solubility of silk fi.broin in a concen-
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trated aqueous solution of calcium thiocyanate. They report a loss of from 
2 to 4 per cent of cotton. 
von Hohnel ( 136) dissolved the silk and wool of textile mixtures by 
a boiling half-saturated solution of chromic acid. Griffin ( 46) described 
cold half-saturated chromic acid as a rapid solvent for rayons, a slow sol-
vent for silk, and as not affecting cotton and other plant fibers. 
The effect .of regener.ated cellulose solvents on cotton 
Regenerated cellulose rayon is soluble in such silk solvents as con-
centrated hydrochloric acid, basic zinc chloride, and boiling concentrated 
solutions of calcium thiocyanate and other readily soluble hydrated salts 
(137, 27, 59, 158, 159, 138, 139, 28, 141, 140, 151, 150, 146, 129, 149, 72, 
73). Williams (158) found that a portion of the calcium thiocyanate might 
be replaced by a salt which does not react chemically with the thiocyanate, 
maintains its boiling point, has a high solubility in water, forms a viscous 
solution, and has a positive heat of dilution. He found that calcium 
chloride met these specifications. 
Lloyd and Priestley (86) hydrolyzed the regenerated cellulose of mix· 
tures by means of hydrochloric acid, sp. gr. 1.05, for 15 minutes at 50° C. 
or by sulfuric acid, sp. gr. 1.345, at 50° C. for 20 minutes. 
The effect of cellulose acetate rayon solvents on cotton 
The work of Schweiger (120) and von Weimarn (147) suggests the 
solution of cellulose acetate rayon by salts of the alkali and alkaline earth 
metals. Seventy per cent acetic acid has been suggested (132) as a solvent 
for cellulose acetate rayon in mixtures with wool. Lloyd and Priestley 
(86) used acetone at room temperature to dissolve the cellulose acetate 
rayon in dyed and undyed mixtures of this fiber and cotton, wool, or viscose 
rayon. 
EXPERIMENTAL 
The sample of fibrous material was prepared for analysis by boiling 
approximately five grams (samples of one gram were used with the calcium 
salts) of a plain-woven fabric of bleached cotton, viscose rayon, cellulose 
acetate rayon, or wool or of degummed silk in 500 cc. of water for one hour, 
rinsing, drying, extracting the fabric with anhydrous ether for 18 hours 
(the equivalent of 5 liters of ether) in a Soxhlet extractor (Plate I) and 
then drying the sample to constant weight in a weighing bottle in an oven 
at from 105° to 110° C. 
The sample was immersed (and constantly stirred in the solutions of 
calcium salts) in the solvent during the period of treatment and the beaker 
containing the reaction mixture was covered with a watch glass. The resid-
ual cellulose from the treatments with sodium hydroxide, alkaline copper 
glycerol, or basic zinc chloride was rinsed first in 300 cc. of water, then 
in 200 cc. of one per cent acetic acid, and finally in hot water. The cellulose 
from the treatments with Fehling's solution or ammoniacal nickel hydroxide 
was rinsed in one per cent hydrochloric acid. After all treatments with 
hydrochloric acid the residues were rinsed with water until the rinse gave 
no test for chloride. The residues from the treatment with sulfuric acid 
were rinsed with water, dilute ammonium hydroxide, and finally with 
water. The residues of cellulose from the treatment with calcium salts 
were rinsed in running water for 30 minutes. Those from the treatment 
with 70 per cent acetic acid were rinsed in hot water, those from aniline 
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were rinsed twice with aniline (b.p. 184° C.) and then with methanol until 
completely decolorized. In the case of acetone the samples were treated 
with three fresh portions of the solvent (b.p. 56° C.) of 300 cc. each, for 
60, 30, and 30 minutes. The residues were dried first at room temperature 
and then at 105° C. as before. All weighings were made with tares. 
The special solvents were prepared as follows: 
1. Alkaline copper glycerol 
A 10 per cent solution of sodium hydroxide was added to a mixture 
of 25 cc. of glycerol, sp. gr. 1.25, and 500 cc. of a 10 per cent solution 
of crystalline cupric sulfate until the precipitate formed just dissolved. 
2. Ammoniacal nickel hydroxide 
a) Richardson's (111) reagent 
A dilute solution of sodium hydroxide was used to precipitate nickel 
hydroxide from 500 cc. of a 5 per cent solution of crystalline nickel sulfate. 
The nickel hydroxide was washed with water, rinsed into a fl.ask with about 
125 cc. of aqua ammonia, sp. gr. 0.90, and made up to a volume of 250 cc. 
with water. 
b) Darling's (23) reagent 
Nickel oxycarbonate was precipitated from a 5 per cent solution of 
crystalline nickel sulfate by a saturated solution of sodium carbonate. The 
mixture was well shaken, :filtered, washed free from sulfate, and dissolved 
in a 20 per cent solution of ammonium hydroxide. 
c) Fifty grams of crystalline nickel sulfate were dissolved in 160 
cc. of boiling water; the solution was cooled and the nickel precipitated 
as hydroxide by 70 cc. of a 20 per cent solution of sodium hydroxide. This 
precipitate was washed with water four times by decantation, filtered by 
suction on a Buchner funnel, transferred to a fl.ask, thoroughly mixed and 
made up to a volume of 500 cc. with aqua ammonia, sp. gr. 0.90. The 
freshly prepared reagent was mixed thoroughly before use. 
3. Basic zinc chloride 
One thousand parts of zinc chloride, 850 parts of water, and 40 parts 
of zinc oxide were mixed and heated until all the zinc oxide dissolved. 
4. Fehling 's solution 
Equal volumes of solutions A and B were mixed just before use. 
A. Three and five-tenths grams of crystalline cupric sulfate were 
dissolved in 100 cc. of water. 
B. Seventeen grams of Rochelle salt were dissolved in 15 cc. of water; 
a solution of 5 grams of sodium hydroxide in 15 cc. of water was added 
and the mixture was cooled and diluted to 100 cc. 
5. Solution of calcium thiocyanate 
A 50 per cent solution of Ca(CNS) 2 .3H20, boiling point 140° C., was 
heated to 70° C. and filtered. 
6. Solution of calcium thiocynate and calcium chloride 
A mixture of equal volumes of a 50 per cent solution of Ca(CNS) 2 
.3H20, boiling point 140° C., and of a 50 per cent solution of CaC12 , boiling 
point 140° C., was heated to 70° C. and filtered. 
TABLE 7. The solubtlity of ootton cellulose in dilute soditum hydroxide 
Loss in weight of cotton cellulose 
Sodium hydroxide Volume Time Temperature Determinations minimum mean maximum 
normality ce. min. number percentage percentage percentage 
1.2500 500 20 90°0. 8 1.39 1.65 1.93 
0.5028 500 15 boiling 10 2.96 3.33 3.97 
0.5028 500 15 90°0. 7 1.15 1.32 1.47 
0.2500 500 30 80°0. 6 1.55 1.73 1.92 
0.1250 500 30 boiling 12 2.65 3.28 3.97 
TABLE 8. The solubility of ootton cellulose in solvents for silk fibroin and regenerated cellulose 
-
Losa of weight of cotton cellulose 
Solvent Volume Time Temperature Determinations minimum mean maximum 
cc. min. number percentage percentage percentage 
Alkaline copper glycerol 300 15 50°0. 10 0.13 0.22 0.50 
Basic zinc chloride 300 1 boiling 8 0.19 0.32 0.43 
Calcium thiocyanate 100 60 100°0. 3 1.34 1.36 1.38 
Calcium thiocyanate 
and calcium chloride 100 60 100°0. 3 5.08 5.61 6.46 
Fehling's solution 200 3 boiling 11 0.21 0.38 0.58 
Hydrochloric acid, sp. gr. 1.05 300 15 50°0. 6 0.51 0.78 0.97 
Hydrochloric acid, sp. gr. 1.19 300 2 room 10 0.25 0.34 0.54 
Sulfuric acid, sp. gr. 1.345 300 20 50°0. 5 0.77 1.01 1.29 
TABLE 9. The effect of solvents for cellulose acetate rayon on cott01~ cellulose 
Solvent Volume Time Temperature Determinations 
Change in weight of cotton cellulose 
minimum mean maximum 
cc. min. number percentage percentage percentage 
Acetic acid, 70 per cent 300 90 room 5 -0.15 -0.20 -0.23 
Acetone 300 120 room 4 0.00 0.00 0.00 
Acetone, in the presence of 5 gm. 
of celluloRe acetate rayon 300 120 room 6 -0.04 +0.11 +0.29 
Aniline 300 15 9o•c. 6 -0.02 -0.16 -0.20 
Aniline, in the presence of 5 gm. 
of cellulose acetate rayon 300 15 9o•c. 5 0.00 +0.10 +0.41 
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A half-saturated solution of chromic acid at room temperature rapidly 
dissolved the regenerated cellulose of a viscose rayon and cotton cellulose 
mixture but with the evolution of heat; the cotton was too much tendered 
to be recovered satisfactorily. At 10° C. the regenerated cellulose dissolved 
very slowly and the cotton was tendered beyond recovery. 
Schweizer's reagent, prepared (79) by passing air for a day through 
copper turnings covered with aqua ammonia, although it dissolved the 
regenerated cellulose rapidly and completely, was of no use for a quan-
titative separation of regenerated cellulose and cotton cellulose because 
in the time required for solution of the former about 27 per cent of the 
latter dissolved. 
Approximately 5 grams of silk dissolved to the extent of 0.95 per cent 
after 2 minutes at room temperature, and 10.37 per cent after 5 minutes 
at boiling temperature in 100 cc. of ammoniacal nickel hydroxide prepared 
according to Richardson; Darling's reagent was as ineffective. It was 
found that 5 grams of silk dissolved completely when boiled for 5 minutes 
in 350 cc. of the reagent prepared as in 2 c. However, when used for the 
quantitative analysis of textile mixtures, nickel hydroxide deposited on 
the fibrous residues, was difficult of removal, and gave inconsistent results. 
Cotton in ten determinations lost as much as 0.21 per cent or gained as 
'much as 1.28 per cent; the corresponding percentages for cellulose acetate 
rayon in five determinations were 0.92 and 1.07 and for wool in seven 
determinations, 1.37 and 0.02. 
The residues from the treatment with dilute sodium hydroxide did 
not check within +0.3 per cent as reported by Hedrick (53); the loss in 
weight of the cotton cellulose is given in table 7. 
The loss in weight of cotton cellulose in the other solvents, alkaline 
copper glycerol, basic zinc chloride, calcium thiocyanate, Fehling's solution, 
and hydrochloric acid and by the two hydrolytic methods was lower than 
reported in the literature. The replacement of part of the calcium thiocya-
nate by calcium chloride appreciably increased the amount of cotton cellu-
lose dissolved. Table 8 gives a resume of the results. 
The effects on cotton cellulose of three solvents for cellulose acetate 
rayon, 70 per cent acetic acid, acetone, and aniline, are given in table 9. 
SUMMARY 
1. A half-saturated solution of chromic acid has been shown ineffective 
in the quantitative separation of regenerated cellulose and cotton cellulose. 
2. Schweizer's reagent has been shown ineffective in the quantitative 
separation of a mixture of regenerated cellulose and cotton cellulose. 
3. It has been shown that silk fibroin does not dissolve completely in 
ammoniacal nickel hydroxide prepared according to directions given in 
the literature but that one gram of silk completely dissolves after 5 minutes 
at the boiling temperature in 70 cc. of ammoniacal nickel hydroxide pre-
pared by using 425 cc. of aqua ammonia, sp. gr. 0.90, for a volume of 500 
cc. Ammoniacal nickel hydroxide has been shown to be an unsatisfactory 
solvent for silk in the quantitative analysis of mixtures because the un-
dissolved nickel hydroxide deposits on the fibrous residue and is extremely 
difficult of removal. 
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4. The solvent action for cotton cellulose has been studied in the case 
of the differential solvents used for the direct determination of the cellulose 
of textile mixtures, sodium hydroxide, hydrochloric acid, alkaline copper 
glycerol, basic zinc chloride, Fehling's solution, calcium thiocyanate, cal-
cium thiocyanate and calcium chloride, 70 per cent acetic acid, acetone, 
and aniline. 
5. Two hydrolytic methods have been studied for the separation of 
regenerated cellulose from cotton cellulose. 
II. THE QUANTITATIVE ESTIMATION OF REGENERATED CELLULOSE IN 
THE PRESENCE OF COTTON CELLULOSE, WOOL, SILK, OR 
CELLULOSE ACETATE RAYON 
The direct method ( 55) which has been used for the estimation of 
viscose rayon and cuprammonium rayon in textile mixtures has been that 
which makes use of alkali as a solvent for wool and silk. Since the re-
generated celluloses are somewhat soluble in alkali under these conditions 
and moreover have usually been previously treated with alkali in the course 
of production the development of correction factors for the particular re-
generated cellulose to be analyzed is essential. 
Cross and Bevan (20) noted the solubility of hydrated celluloses in 
alkali, Hazard ( 52) and Gray, Staud, and Feuss ( 42) found that the ex-
treme solubilities in alkali of cellulose and of regenerated cellulose were 
in the same region of concentration, and Weltzien (154) suggested the 
characterization of the esters of cellulose by a determination of the solu-
bility in alkali of the cellulose regenerated from the ester. Jennings (69) 
reports a treatment of rayon crepes for 30 minutes with 2 per cent sodium 
hydroxide at room temperature and Cosne (19) the optimum conditions 
for the desulfurization of viscose as 20 minutes at from 60° to 65° C. in 
from 0.8 to 1.0 per cent sodium hydroxide. A resume of the solubility of 
regenerated celluloses in alkali is given in table 1. 
EXPERIMENTAL 
A bleached viscose rayon fabric of plain weave was prepared and 
studied in the same manner in which cotton was studied in part I. The 
temperatures were maintained by a water bath heated on an electric hot 
plate. 
The effect upon regenerated cellulose of the solvents for wool, silk, and 
cellulose acetate rayon is given in table 2. 
SUMMARY 
The effect of dilute sodium hydroxide solutions, Fehling's solution, 
alkaline copper glycerol, and acetone on the weight of viscose rayon has 
been determined under the conditions in which these solvents are employed 
in the quantitative separation of textile mixtures. 
ID. THE QUANTITATIVE ESTIMATION OF SILK IN THE PRESENCE OF 
REGENERATED CELLULOSE OR CELLULOSE ACETATE RAYON 
Two types of methods are available for the estimation of silk in mix-
tures with rayons. A proximate analysis based on a determination of the 
nitrogen content (38) depends on the constancy of the nitrogen of finished 
silks and is limited in its application to mixtures containing no other nitro-
TABLE 1. The solubi1'ty of regenerated celluloses in alkali 
Concentration Time Temperature Loss of weight 
Method Rayon Solvent percentage min. percentage 
-
Krais and Biltz (79) cuprammonium sodium hydroxide 6 
viscose " " 7 
Johnson (70) cuprammonium sodium hydroxide 5 15 82•.93•c. 3.96 
viscose " " 5 15 82°-93°0. 2.26 
Weltzien (154) cuprammonium sodium hydroxide 4 30 18°-19•c. 0.6 
" 
II 
" 6 30 18°-19°0. 1.3 
viscose " II 4 30 18°-19°0. 1.7-3.l 
" " " 6 30 18°-19°0. 4.0-6.3 
Ristenpart (113) rayons sodium hydroxide 4 30 boiling 
Hall (47) viscose sodium hydroxide 4 60 room 2.27 
" " " 5 60 " 3.4 
" " " 6 60 " 4.5 
" " " 7 60 " 9.0 
" " " 8 60 " 12.5 
Hall (48) viscose potassium hydroxide 4 60 room 1.0 
,, 
" " 8 60 " 1.4 
viscose potassium hydroxide 10 60 room 1.6 
,, ,, II 15 60 " 1.8 
II II 
" 20 60 " 2.5 
Lloyd and Priestley ( 86) Chardonnet potassium hydroxide 
or sodium hydroxide 1 60 boiling 13-14 
cuprammonium 1 60 boiling 4-7 
viscose 1 60 boiling 6-10 
Heerman (56) sodium hydroxide 2-5 15 boiling 5-8 
TABLE 2. The solubiUty of regenerated cellulose in solvents for wool, silk and cellulose acetate rayon 
Loss of weight of regenerated cellulose 
Solvent Volume Time Temperature Determinations minimum mean maximum 
cc. min. number percentage percentage percentage 
1.2500 N NaOH 500 20 90°0. 6 3.87 4.21 4.56 
0.5000 N NaOH 500 15 boiling 6 2.87 3.04 3.24 
0.5000 N N aOH 500 15 90°0. 6 1.90 2.13 2.35 
0.2562 N NaOH 500 30 80°0. 6 1.31 1.43 1.59 
Fehling 's solution 200 3 boiling 5 1.14 1.18 1.21 
Alkaline copper glycerol 300 15 50°0. 6 0.54 0.70 0.86 
Acetone 300 90 room 5 +0.02 0.10 ().18 
TABLE 1. The effect of solwmts for regenemted ceU1blose or cell1blose acetate rayon upon silk fibroin 
Change in weight of fibroin 
Solvent Volume Time Temperature Determinations minimum mean maximum 
ee. min. number percentage percentage percentage 
Acetio acid, in the presence of 5 
grams of cellulose acetate rayon 300 20 to 85°C. 2 -2.23 -2.95 -3.66 
Acetone 300 120 room 2 +o.o4 +o.05 +0.05 
Acetone, in the presence of 5 
+om +0.18 +o.31 grams of cellulose acetate rayon 300 120 room 9 
Aniline, in the presence of 5 
grams of cellulose acetate rayon 300 15 90°0. 10 +1.20 +3.40 +6.18 
Hydrochloric acid, sp. gr. 1.05 300 15 50°0. 6 -2.12 -2.45 -2.76 
Sulfurio acid, sp. gr. 1.345 300 20 50°0. 5 -4.16 -4.72 -5.49 
O'l 
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gen. In the second type of analysis the other fibers are dissolved and the 
silk residue is weighed. 
EXPERIMENTAL 
A plain-woven fabric of degummed silk was prepared and studied in 
the manner used for cotton in I. 
The results of the study are given in table 1. 
SUMMARY 
1. Cellulose acetate rayon may be quantitatively separated from mix-
tures with silk by solution in acetone. 
2. Neither 70 per cent acetic acid nor aniline are satisfactory for the 
quantitative separation of cellulose acetate rayon from silk. 
3. For the quantitative separation of regenerated cellulose from silk 
the hydrolytic method using hydrochloric acid, sp. gr. 1.05, is preferable 
to that employing sulfuric acid, sp. gr. 1.345. 
IV. THE QUANTITATIVE ESTIMATION OF WOOL IN THE PRESENCE OF 
COTTON CELLULOSE, SILK, REGENERATED CELLULOSE, 
OR CELLULOSE ACETA'fE RAYON 
Two kinds of analysis may be used for the estimation of wool in union 
textiles. In the one all other fibers are dissolved and the residue of wool 
is weighed; the second is a proximate analysis based on a determination 
of the nitrogen or sulfur of wool. The proximate analysis depends on the 
constancy of the nitrogen or sulfur of finished wools (160) and is limited 
to mixtures containing no other nitrogen or sulfur. 
The ways in which the differential solvents for cotton, regenerated 
cellulose, and silk have been used in the estimation of wool are summarized 
in table 1. 
EXPERIMENTAL 
A bleached wool fabric of plain weave was prepared and studied in 
the way in which cotton (I) was studied. The residual wool from the 
alkaline treatments was first rinsed in water, then in one per cent acetic 
acid, and finally in water, while that from the acid treatments was rinsed 
in water until the rinse gave no test for acid. About a gram of cellulose 
acetate rayon and a gram of wool were treated with 125 cc. of acetone for 
an hour; the solution was then decanted through a 240-mesh sieve and the 
residue of wool was stirred thoroughly in five portions of acetone (20 cc. 
each) for 30 minutes. 
The effect of the various reagents on the wool keratin is given in table 
2. 
SUMMARY 
1. The use of sulfuric acid, sp. gr. 1.524, for 20 minutes at 25° C. 
has been shown unsatisfactory as a differential solvent for cotton or re-
generated cellulose in the quantitative estimation of wool. 
2. The use of sulfuric acid, sp. gr. 1.345, for 24 hours at room tem-
perature has been shown unsatisfactory as a differential solvent for cotton 
or regenerated cellulose in the quantitative estimation of wool. 
3. The effect on the weight of wool keratin is reported for acetone, 
alkaline copper glycerol, basic zinc chloride, calcium thiocyanate, calcium 
thiocynate and calcium chloride, hydrochloric acid, sp. gr. 1.19, hydro-
chloric acid, sp. gr. 1.05, Schweizer's reagent, and sulfuric acid, sp. gr. 
1.345. 
TABLE 1. The effect of solvents for cotton, silk, regenerated oellwlose, or oellwlose acetate rayon on wool 
Time 
Loss of weight 
Solvent Method Concentration Temperature of wool 
percentage hr. min. percentage 
Acetic acid (132) 70 boiling 
Acetone Lloyd and Priestley (86) room 
Alkaline copper glycerol Richardson (111) 20 9-16 
Ammoniacal nickel hydroxide Richardson (111) 2 room 0.33 
Collingwood (17) 1.0-1.4 
Matthews (91) 2 room 1.5 
Basic zinc chloride Collingwood (17) 1.43 
Richardson (111) 1 boiling 1.5-2.0 
Duyk (30) 2 boiling 
Calcium thiocyanate Krais and Markert (80, 81) 50 1 100°c. 
Hydrochloric acid Collingwood (17) concn. 0.43-3.00 
Posselt (106) concn. 2-3 50°0. 
Matthews (91) concn. room 
Lloyd and Priestley (86) 10 15 50°0. 
Nitric acid Barreswill ( 4) concn. 
Schweizer 's reagent Krais and Biltz ( 79) 1 0.42 
Sulfuric acid Bayer (7~ 83 17 room 2 
Jawalows · (68) 75 12 room 
Villavecchia and Hannau (135) 75 2 room 
Dannerth (22) 80 12 
Heerman (56) 80 6 room 1.5 
Herzfeld (58) 83 12 room 2 
Krais and Biltz (79) 44 24 room 
Harper (51) 28 2 room 
Matthews (91), Green (44) 60 
I 
12 2.5 
Griffin ( 46) 75 15 room 
Lloyd and Priestley (86) 44 20 50°0. 
TABLE 2. The effect of the differential solvents on wool keratin 
I I; Time Change in weight of wool I ;. 
Solveni Volume 
I 
Temperature Determinations 
minimum mean maximum 
cc. hr. miu. number percentage percentage percentage 
-
Acetone 125 1 room 4 +o.oi +0.04 +0.09 
Alkaline copper glycerol 300 15 50°C. 4 +0.19 +o.38 +o.56 
Basic zinc chloride 300 1 boiling 4 -0.11 -0.32 -0.47 
Calcium thiocyanate 100 1 l00°C. 4 -0.91 ~0.92 -0.93 
Calcium thiocyanate 
and calcium chloride 100 1 l00°C. 6 -0.15 -0.39 -0.57 
Hydrochloric acid, 
sp. gr. 1.19 100 2 25°C. 6 +0.06 +0.10 -0.44 
Hydrocholric acid, 
50°C. sp. gr. 1.05 300 15 5 -1.81 -1.84 -1.94 
Schweizer 's reagent 100 20 25°C. 6 -0.23 -0.50 -0.86 
Sulfuric acid, sp. gr. 1.524 100 20 25°C. 6 -35.12 -35.84 -37.36 
Sulfuric acid, sp. gr. 1.345 300 20 50°C. 6 -1.39 -1.51 -1.68 
300 24 heated to 4 -30.98 -31.68 -32.04 
I 
50°C. and 
cooled at room 
temperature 
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V. THE QUANTITATIVE ESTIMATION OF CELLULOSE ACETATE RAYON 
IN THE PRESENCE OF WOOL, SILK, OR CELLULOSE 
An attempt has been made in this study to devise direct methods for 
the quantitative estimation of cellulose acetate rayon in the presence of 
wool, silk, or cellulose. Direct methods involving the recovery of the ester 
have been formulated from the indirect solution methods, and methods for 
the determination of the acetyl content of cellulose acetates have been adapt-
ed to the proximate analysis of the cellulose acetate rayon of union textiles. 
HISTORICAL 
Two indirect methods have been reported for the estimation of the 
cellulose acetate rayon of textile mixtures. An anonymous article (132) 
recommends boiling 70 per cent aqueous acetic acid as a solvent for cellulose 
acetate rayon in mixtures of this rayon with wool. Lloyd and Priestley 
(86) used acetone at room temperature to dissolve the cellulose acetate rayon 
of dyed and undyed mixtures of this fiber and cotton, viscose rayon, or 
wool. They found that this procedure gave low results and attributed the 
loss to a slight hydrolysis (50) of the ester in the preparation of the fabric 
(35) because the cellulose acetate obtained by dissection was not completely 
soluble in acetone and showed different dyeing properties. 
The methods which have been used to determine the acetyl content of 
cellulose acetates may be divided into two groups, those of acid hydrolysis 
and those of alkaline hydrolysis. 
M..ethods of acid hyd1·olysis 
Green and Perkin ( 43) hydrolyzed 0.4 gram of cellulose triacetate in 
a mixture of 30 cc. of absolute alcohol and 2 cc. of sulfuric acid. The hydro-
lysate was slowly distilled and when the liquid in the distilling flask evapo-
rated to half of its original volume more alcohol was added and this process 
was repeated three times. The distillate of ethyl acetate was collected in 
standard alcoholic potassium hydroxide and the alkali in excess of that re-
quired for saponification was titrated with a standard acid. The method 
yielded acetic acid values of 61.68, 61.36, 61.50, and 63.0 per cent (theoret-
ical, 62.5 per cent). Fenton and Berry ( 33) repeated the method of Green 
and Perkin using phosphoric acid as the hydrolytic agent and obtained 
values of 52.2 and 54.4 per cent acetic acid from a cellulose acetate. 
Ost (98) developed a method for the hydrolysis of cellulose acetate by 
1 : 1 sulfuric acid or by 65 per cent phosphoric acid and reported an agree-
ment among results within 1.5 and 2.0 per cent acetic acid. Ost and Kata-
yama ( 100) reduced the time of hydrolysis from 48 to 24 hours and the 
volume of the distillate from 800 to 600 cc. and reported an error of + 1 
per cent acetic acid. Later Ost ( 99) gave the error of this method as 0.5 
per cent acetic acid although Barnett (2) considered the error greater than 
1 per cent. Berl and Smith (9), Schliemann (116), Beck (8) , Boeseken, 
van der Berg, and Kerstjens (13), Oddo (96), Tatu (131) and Ridge, Par-
sons, and Corner ( 112) have reported the use of Ost 's method; Schliemann 
gave an error of + 1 per cent acetic acid, Boeseken and his coworkers ob-
tained values of 62.5, 62.5, and 62.9 per cent acetic acid for a triacetate 
although they suggested that the concordance of the results might be ac-
cidental. Stein (128) showed that the production of volatile acid from 
the ester varied with the volume of the distillate rather than with the time 
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of distillation, changed Ost 's procedure for the analysis of the esters of 
greatly modified celluloses, and corrected for other volatile acids produced 
by the ester. Fenton and Berry (33) obtained yields of 51.5 and 55.0 
per cent acetic acid from a cellulose acetate by Ost and Katayama 's method. 
Phosphoric acid has frequently been recommended (82, 92) in place 
of sulfuric acid as the hydrolytic agent. This eliminates the error caused 
in some instances by the formation of sulfur dioxide during distillation. 
Hess and his coworkers (62, 63, 118) after Wenzel (155), introduced a 
buffered solution of phosphoric acid as the hydrolytic agent. This method 
of Hess is generally considered the most reliable (acetic acid values check 
within 0.1 to 0.3 per cent) macro method but it is a method impractical 
for general textile analysis. Billing and Tinsley (12) modified Ost's method 
in a somewhat similar way for use when both nitrogen and acetic acid are 
to be determined from the same sample; they obtained results within -0.19 
and -0.84 per cent of the theoretical. 
Toluene sulfonic acid has been used as the hydrolytic agent by Sud-
borough and Thomas (130) and in the micro methods of Freudenberg (39, 
40, 14) and Weber (error of -0.1 to +o.4 per cent acetic acid) and of 
Pregl (107) and Soltys (error of -+-0.5 per cent acetic acid). 
Deschiens ( 25) used 2 : 1 sulfuric acid in a modification of Ost 's 
method and Kriiger ( 83) and Tschirch 75 per cent sulfuric acid for 15 
minutes. 
All methods for acid hydrolysis of cellulose acetates are time-consuming 
and of doubtful accuracy because the large volume of the distillate renders 
the end-point indefinite and because volatile acids other than acetic are 
produced during the hydrolysis and distillation of the ester. 
Methods of alkaline hydrolysis 
Cross, Bevan, and Beadle (21) used boiling 0.5 N alcoholic sodium 
hydroxide as a saponifying agent for cellulose acetate; the excess of alkali 
they determined by titration with a standard acid. Green and Perkin ( 43) 
boiled 2 grams of dried (105° C.) cellulose acetate for 2 hours with this 
reagent and obtained values of 59.51, 61.24, and 61.33 per cent acetic acid. 
Fenton and Berry (33) obtained 58.3 and 61.9 per cent acetic acid by 
Green and Perkin's method. Ost (98) refluxed cellulose acetate with 0.5 N 
alcoholic potassium hydroxide and obtained 67.2, 67.8, and 62.51 and 61.4 
and 63.2 per cent acetic acid. Mork (161) used a more dilute solution of 
boiling alcoholic alkali for an hour and Stadlinger (126) and Ohl (97) 
0.5 N alcoholic potassium hydroxide for 48 hours at room teperature. 
Woodbridge (161) modified Cross and Bevan's (162) sodium ethylate 
method for cellulose benzoate and hydrolyzed cellulose acetate 16 hours 
at room temperature in an excess of a solution prepared by dissolving 23 
grams of sodium in 2 liters of 95 per cent alcohol. 
Eberstadt (31) found that previous swelling of the acetate in equal 
parts of acetone and alcohol or of water and alcohol greatly hastened sapon-
ification. After swelling, the sample of about a gram was saponified by 
100 cc. of 0.5 N potassium hydroxide in a stoppered flask at 25° C. over 
a period of 48 hours after which 50 cc. of the hydrolysate were titrated 
with N hydrochloric acid and the remainder of the hydrolysate was titrated 
with 0.5 N acid in the presence of phenolphthalein. Eberstadt made no 
correction for the moisture content of the ester. 
Torii ( 133) modified Eberstadt 's method ; he added alcohol and then 
10 cc. of N alkali to 0.2 or 0.3 gram of ester and after an hour at room 
74 R. EDGAR, M. WES'l'ON, F. BARR, E. FISHER, J. ROSS 
temperature the excess of alkali was titrated with N acid. Bernoulli, van 
der Berg, and Kerstjens ( 10) obtained 54.49 and 54.32 per cent of acetic 
acid by Yarsley's modification of Torii's method as compared with 54-+-0.5 
per cent acetic acid by Ost 's method. Y arsley treated 0.5 gram of acetate 
with 2 cc. of alcohol, saponified it with 10 cc. of N sodium hydroxide for 
75 minutes at room temperature, and titrated the excess of alkali first with 
N sulfuric acid and then with 0.1 N sulfuric acid in the presence of phenol-
phthalein. 
Knoevenagel (75, 77) showed that 0.5 N potassium hydroxide at room 
temperature in a few hours quantitatively saponified cellulose acetate pre-
viously swollen in alcohol and that the degree of saponification varied as 
the degree of swelling. He proposed the following method (76) for which 
he gave an error of -+-0.5 per cent acetyl and Gutsche (82) an error of 
-+-1 per cent acetyl: One gram of cellulose acetate, dried at 100° C., is 
treated with 20 cc. of 75 per cent alcohol for 30 minutes at from 50° to 
60° C. before the addition of 50 cc. of 0.5 N potassium hydroxide. The 
mixture is heated to 50° C. and allowed to cool for 24 hours. The excess 
of alkali is then titrated with 0.5 N sulfuric acid in the presence of phenol-
phthale'in. 
Knoevenagel and Konig (78) reported values for acetic acid 0.8 per 
cent lower than Ost 's by this method or of 53.5 as compared with 53.5 by 
Werner's (78) and 52.34 and 52.29 by Barnett's (2) method. Hess (62) 
claimed Knoevenagel 's results were 2 per cent too high. Malm and Clarke 
( 90), Fermazin ( 34) and Feuss and Staud ( 36) have reported the use of 
Knoevenagel 's method; the last investigators obtained checks within 0.2 
and 0.6 per cent acetic acid. Murray, Staud, and Gray (95) obtained 
acetyl values checking within 0.4 per cent by Knoevenagel 's method. 
Pringsheim, Leibowitz, Schreiber, and Kasten (108) hydrolyzed al-
cohol-treated cellulose acetate with 0.1 N sodium hydroxide for 24 hours 
at room temperature, titrated the excess of alkali with 0.1 N hydrochloric 
acid and obtained 42.0, 43.1, 42.9, , 43.0, 42.8, 41.2, 43.3, and 43.1 as per-
centages of acetyl. 
Barthelemy (5) hydrolyzed 2 grams of cellulose acetate with 40 cc. 
of N sodium hydroxide at 85° to 90° C. for 5 hours. After 9 to 16 hours 
more at room temperature the mixture was heated and then cooled and 
made up to a volume of 250 cc. Portions of 50 cc. each were titrated with 
0.2 N sulfuric acid using phenolphthalein or Congo Red as the indicator. 
Barthelemy reported an error of -+-0.5 per cent acetic acid. Ost maintained 
the error was -+-2 per cent as was found by Fenton and Berry (33) al-
though Deschiens ( 25) considered Barthelemy 's method exact. 
Boeseken and his coworkers (13) saponified one gram of cellulose tri-
acetate with 10 cc. of 25 per cent potassium hydroxide for 48 hours at room 
temperature, added sulfuric acid in excess, titrated the excess of acid with 
barium hydroxide and obtained 61.1 per cent acetic acid. Fenton and 
Berry (33) obtained 53.5 per cent acetic acid by this method. BOeseken 
and his coworkers (13) also saponified one gram of cellulose acetate 
with aqua ammonia, sp. gr. 0.92, for 30 hours in a closed vessel at 100° C., 
weighed the residual cellulose, and from the loss in weight of the ester 
upon hydrolysis calculated the acetic acid value as 58 per cent. 
Irvine and Hirst ( 67) boiled 0.5 gram of the triacetate 1.5 hours with 
an excess of 0.5 N sodium hydroxide; they reported an acetyl value, cor-
rected by a blank determination, of 44.2 (theoretical, 44.8) . 
Werner and Engelmann (156) developed a method for the analysis 
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of cellulose acetates which yield less than 56 per cent acetic acid and 
claimed the results obtained by this method were parallel to those obtained 
by Ost 's method. They treated from one to two grams of the finely com-
minuted air-dry acetate (corrected for moisture content) with 20 to 30 cc. 
of water and 30 cc. of N sodium hydroxide for an hour at from 50° to 
60° C., cooled and acidified the hydrolysate with 30 cc. of N hydrochloric 
acid, stirred the mixture thoroughly, and titrated it with N sodium hydrox-
ide in the presence of phenolphthale1n. 
Fermazin (34) obtained checks within +0.2 per cent acetic acid when 
he saponified 5 grams of cellulose acetate with 50 cc. of 0.5 N potassium 
hydroxide 48 hours at room temperature, warmed the reaction mixture to 
70° or 80° C., added an excess of 0.5 N sulfuric acid and titrated the excess 
of acid with 0.5 N potassium hydroxide. 
Barnett (2) used Eberstadt's (31) preswelling of the acetate with 
acetone in a method of mild alkaline hydrolysis; he dissolved 0.3 gram of 
the ester in 30 cc. of acetone, added 47 cc. of 0.1 N sodium hydroxide and 
after 24 hours at room temperature diluted the hydrolysate and titrated 
the excess of alkali with 0.1 N acid in the presence of phenolphthale'in. A 
blank determination with 0.3 gram of cellulose yielded volatile acids equiva-
lent to 1.7 cc. of 0.1 N alkali. Bernoulli and his coworkers (10) obtained 
54.88 per cent acetic acid by Barnett's method as compared with 54+0.5 
per cent by Ost's method. Murray, Staud, and Gray (95) obtained acetyl 
values of 39.6 and 39.4 when the ester was dissolved in 20 cc. of acetone 
and saponified with 20 cc. of 0.5 N sodium hydroxide at room temperature 
for 45 and 120 minutes respectively, and 39.8 for a treatment of 30 minutes 
at 53° C. Ridge, Parsons, and Corner (112) used N alkali to saponify 
samples of one gram of cellulose acetate rayon by Barnett's method. 
Knoevenagel (77) used chloroform as a solvent for cellulose triacetate 
in an estimation of acetyl. 
Battegay and Penche (6) employed 30 cc. of pyridine as a solvent for 
0.3 to 0.5 gram of cellulose acetate, added 50 cc. of 0.5 N sodium hydroxide 
for 30 minutes at 25° C. and titrated the excess of alkali. Bernouilli and 
his coworkers (10) by this method obtained 54.6 per cent acetic acid as 
compared with 54+0.5 per cent by Ost 's method. Murray, Staud, and 
Gray (95) developed a method for the determination of the acetyl values 
of cellulose acetates of an acetyl content between 35 and 44 per cent; in 
this method 0.5 gram of the ester is dissolved in 20 cc. of pyridine in 15 
minutes at 53° C. and saponified with 20 cc. of 0.5 N sodium hydroxide 
at 53° C. in 30 minutes. The excess of alkali is titrated with a standard 
acid in the presence of phenolphthale1n. All their determinations checked 
within 0.6 per cent acetyl. 
The disadvantages of the method of alkaline hydrolysis are that (a) 
the alkali acts on the cellulose acetate to produce acidic compounds other 
than acetic acid and that (b) any other acid present in the ester is estimat-
ed as acetic acid ( 65) . 
The distillation of the volatile acid after alkaline hydrolysis of the 
ester has been carried out by Cross, Bevan, and Beadle (21), Green and 
Perkin (43), Schwalbe (119), Ost and Katayama (100), and by Clement 
and Riviere (25). Cross, Bevan, and Beadle obtained 69.2 per cent acetic 
acid in this manner from an ester which gave a value of 73.1 by the acidi-
metric estimation of the hydrolysate. Green and Perkins added sulfuric 
acid in excess to the hydrolysate obtained by their method of alkaline 
hydrolysis, collected the distillate of ethyl acetate in alcoholic sodium 
76 R. EDGAR, M. WESTON, F. BARR, E. FISHER, J. ROSS 
hydroxide, titrated the excess o:f alkali with a standard acid, and obtained 
values o:f 59.80 and 59.75 per cent acetic acid. 
Schwalbe saponified 3 or 5 grams o:f cellulose acetate with 50 cc. o:f 
25 per cent potassium hydroxide for 48 hours at room temperature, added 
500 cc. o:f water, neutralized the mixture to Methyl Orange with concen-
trated sulfuric acid, and after 3 hours decanted the liquid from the pre-
cipitate, washed the residue in boiling water, acidified the combined filtrates 
with sulfuric acid, distilled these as in Ost 's method, and obtained values 
of 58, 62.4, 60.7, and 62.9 per cent acetic acid. 
Ost and Katayama saponified one gram o:f cellulose acetate with 20 cc. 
o:f 0.5 N alcoholic potassium hydroxide at room temperature :for 24 hours, 
acidified the hydrolysate with sulfuric acid, added 5 grams o:f tartaric acid 
and distilled the mixture. The acid values obtained were corrected by 
blank determinations. Murray, Staud, and Gray used aqueous alkali as 
the saponi:fying agent, acidified the hydrolysate with phosphoric acid, 
added an excess o:f 30 per cent tartaric acid, collected 2 liters o:f distillate 
in standard alkali, titrated the excess o:f alkali with standard acid, and 
obtained acetyl values o:f 36.2 and 36.7 for one ester and o:f 43.9, 46.6, and 
41.0 :for another ester. Clement and Riviere employed 20 cc. o:f 95 per 
cent alcohol to swell one gram o:f cellulose acetate, added 20 cc. o:f N 
potassium hydroxide :for saponification, neutralized the hydrolysate with 
N sulfuric acid, added 5 grams o:f tartaric acid and distilled the mixture 
with steam :for four hours. 
EXPERIMENTAL 
The fibrous materials, white plain-woven :fabrics o:f cellulose acetate 
rayon, cotton, degummed silk, or wool, and the chloroform-soluble cellulose 
triacetate o:f the Eastman Kodak Company, were prepared :for analysis 
as in I. 
The use of acetone as a differential solvent for 
cellulose acetate rayon 
Approximately one gram o:f cellulose acetate rayon and one gram o:f 
cotton, silk, or wool were treated with 125 cc. o:f acetone :for an hour; the 
mixture was then decanted through a 240-mesh sieve and the residue was 
rinsed by decantation with 5 portions o:f acetone o:f 20 cc. each. In order 
to insure complete rinsing at least 30 minutes were allowed :for this process 
and the residue was thoroughly stirred in the acetone. The filtrate was 
diluted in an Erlenmeyer flask o:f a capacity o:f 500 cc. with 100 cc. o:f 
water and, in order to remove most o:f the acetone, was carefully (a capil-
lary extending through the stopper to the bottom o:f the flask was effective 
in the prevention o:f bumping) distilled to 85° C. After the distillation 
0.2 gram o:f sodium chloride was added to render the suspension more 
readily filterable and after 30 minutes the precipitated cellulose acetate 
was filtered into an alundum crucible and rinsed free from chloride. · The 
crucible was placed in a weighing bottle and dried to constant weight. The 
results are given in table 1. 
The gain in weight of the residual cellulose acetate was perhaps due 
to differences in humidity the days the initial and final weights were ob-
tained as the ash content did not account for the increase in weight. 
In eight experiment.s the cellulose acetate was precipitated from its 
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TABLE 1. The estimation of celmlose acetate rayon by the acetone somtion method 
Residual cellulose acetate 
Cellulose ac- Residual fiber 
etate rayon percentage Fiber percentage 
gram of rayon percentage of union gram of union 
- ---- - - ·- - - - ---
1.0944 100.78 100.38 cotton 1.1312 100.29 
1.0755 100.22 100.11 1.0577 99.98 
1.1171 100.52 100.26 1.0801 100.33 
1.0862 100.84 100.43 100.23 
average 100.59 100.30 100.21 
1.0839 100.01 100.00 silk 1.0355 99.82 
1.0632 100.52 100.27 0.9660 99.81 
l .'0776 100.63 100.32 1.0661 99.78 
1.0890 
-- --
0.9976 99.69 
average 100.39 100.20 99.78 
1.0725 100.08 100.Q4 wool 0.9664 100.01 
1.0765 99.89 99.94 0.9804 100.-09 
1.0848 100.22 100.12 0.9706 100.02 
1.0836 100.47 100.24 1.-0508 100.03 
average 100.17 1-00.09 100.04 
solution in acetone by the addition of 400 cc. of water and 0.5 gram of 
sodium chloride. After 5 days the precipitate was filtered, rinsed, and 
dried as described before. The results were inconsistent and ranged from 
a loss of 2.08 per cent to a gain of 2.04 per cent. 
The use of acetic acid as a differential solvent for 
· cellulose acetate rayon 
Approximately one gram of cellulose acetate rayon and one gram of 
cotton were treated with 125 cc. of 70 per cent acetic acid at 85° C. for 
5 minutes; the mixture was then filtered through an alundum crucible and 
the residue was rinsed with five portions of 25 cc. each of 70 per cent acetic 
acid. In the determinations carried out in the absence of cotton, 125 cc. 
of 70 per cent acetic acid were added directly to the hot solution of the 
cellulose acetate and the ester was precipitated by the addition of 400 cc. 
of water and 0.5 gram of sodium chloride. After four days the mixture 
was filtered into an alundum crucible, rinsed with water, placed in a 
weighing bottle, and dried to constant weight. This method did not give 
dependable results; four determinations carried out in the absence of 
another fiber showed an average loss of 2.27 per cent of cellulose acetate 
and three analyses of mixtures of cellulose acetate rayon and cotton showed 
an average loss of 5.64 per cent of cellulose acetate. 
Methods of acid hydrolysis 
The determination of the acetyl value by the acid hydrolysis of 
cellulose acetate was carried out according to Ost (98) by treating ap-
proximately 3 grams of the ester with 10 cc. of 1: 1 sulfuric acid for 48 
hours, diluting the reaction mixture to 100 cc. with carbon-dioxide-free 
water and distilling it in a current of carbon-dioxide-free steam at the rate 
of 200 or 300 cc. of distillate per hour for four hours. The volume of the 
distillate was made up to a liter and portions of 100 cc. each were titrated 
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with 0.1 N sodium hydroxide in the presence of phenolphthale'in (Methyl 
Red was used with protein fibers). The acetyl values obtained are given 
in table 2. 
TABLE 2. The estima.Uon of the aoetyl tialue by Ost's method 
Ester Volatile aeid Acetyl 
gram grams of acetic aeid percentage 
Cellulose acetate rayon 2.8893 1.5183 37.66 
3.1111 1.6351 37.67 
average 37.67 
Cellulose triacetate 2.9169 1.7326 42.57 
2.9193 1.7416 42.76 
average 42.67 
Blank determinations showed that samples of one gram of cotton, silk, 
or wool produced, respectively, the equivalent of 0.15, 0.12, and 13.35 cc. 
of 0.1 N acid and suggested that unions with cotton and silk if not with 
wool might be analyzed in this way. When mixtures were examined by 
this procedure approximately three grams each of cellulose acetate rayon 
and of cotton or silk were treated with 20 cc. of 1: 1 sulfuric acid and the 
hydrolysate was diluted to 200 cc. The results are given in table 3. 
TABLE 3. The estimatio11. of cellulose acetate by a modification of Oat's method 
Oellulose acetate rayon 
Cellulose Volatile acid 
acetate grams 
rayon of acetic Acetyl percentage percentage Other fiber 
gram acid percentage of ester of union gram 
2.9111 1.5121 37.23 98.83 
2.8729 1.4656 36.56 97.05 
2.8780 1.4587 36.32 96.42 
average 36.70 97.43 
2..9065 1.4916 36.52 96.94 98.46 cotton 2.8822 
2.9356 1.5053 36.52 96.95 98.38 2.6090 
2.8588 1.4469 36.01 95.60 97.49 2.8907 
average 36.35 96.50 98.11 
3.-0662 1.5482 35.98 95.51 97.76 silk 3.0842 
2.8722 1.4221 35.26 93.62 96.89 2.0169 
average 35.62 94.57 97.33 
The method of acid hydrolysis has thus been shown unsatisfactory 
even for the analysis of mixtures of cotton or silk with cellulose acetate 
rayon because the dilution of the liquid to be distilled, in proportion to 
the weight of the sample and the concentration of the acid, gives too low 
acetyl values. 
Methods of alkaline hydrolysis 
The estimation of the acetyl value by the mildest method of alkaline 
hydrolysis was first carried out according to Barnett (2) by dissolving 
about 0.3 gram of cellulose acetate rayon in 30 cc. of acetone, adding 47 cc. 
of 0.1 N sodium hydroxide, and, after 24 hours, titrating the excess of 
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alkali with 0.1 N sulfuric acid in the presence of phenolphthalein. The 
results are given in table 4. 
TABLE 4. The estmwU.On of the acetyl ~alue by Barnett's method 
Cellulose acetate rayon 
gram 
0.2800 
0.2731 
average 
Acetic acid 
gram 
0.1475 
0.1439 
Acetyl 
percentage 
37.75 
37.77 
37.76 
Blank determinations were made with cotton, silk, and wool (Methyl 
Red was the indicator used with the protein fibers) and are given in table 5. 
Cotton 
Silk 
Wool 
Blank determinaticm by Barnett's metlwd 
Fiber 
gram 
1.1149 
1.0629 
1.0055 
1.0795 
1.0348 
1.0065 
1.0577 
0.9802 
1.0016 
0.9449 
0.9390 
1.0067 
Sodium hydroxide absorbed 
cc. 0.1 N 
0.2·29 
0.248 
0.327 
0.377 
2.211 
2.250 
2.940 
2.972 
9.103 
9.448 
10.089 
11.469 
An attempt to develop a similar method using about 2 grams of cellu-
lose acetate rayon, 150 cc. of acetone, 25 cc. of N sodium hydroxide, and 
0.5 N sulfuric acid as the titrating solution failed because (a) the addition 
of the alkali reprecipitated the acetate as coarse lumps which absorbed 
large amounts of alkali and (b) the large volume of the acetone rendered 
the end-point very indistinct. 
In another group of experiments alcohol was used as the swelling 
agent. About two grams of sample were immersed in 25 cc. of 95 per cent 
alcohol for 30 minutes. An equal volume of N sodium hydroxide was 
added and after 24 hours the excess of alkali was determined by titration 
with 0.5 N sulfuric acid. In four determinations the alcohol softened the 
cellulose acetate to such an extent that lumps formed which could not be 
broken up for titration. In three determinations the separation of the 
cellulose acetate fabric into yarns failed to prevent lumping. Since the 
solubility of cellulose acetate varies with the method of manufacture as 
well as with the acetyl content it is probable that the most effective con-
centration of alcohol must be determined for each ester. Blank determina-
tions with cotton showed that samples of one, two, and three grams absorbed, 
respectively, the equivalent of 0.954, 1.110, and 1.111 cc. of 0.1 N sodium 
hydroxide. 
The 1: 1 alcohol-water solution used by Eberstadt (31) proved a very 
satisfactory swelling agent for the acetate rayon. Samples of about two 
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grams were immersed in 25 cc. of 1: 1 alcohol-water solution for 15 hours 
before an equal volume of N sodium hydroxide was added. Then after 
48 hours the reaction mixture was titrated as before. The acetyl values 
are given in table 6. 
TABLE 6. Aooetyl 1!alues 
Ester Acetic acid Acetyl 
gram gram percentage 
Cellulose acetate rayon 1.9530 1.0260 37.65 
1.9856 1.0524 37.99 
2.0363 1.0831 38.12 
average 37.92 
Cellulose triacetate 1.9436 1.2068 44.50 
1.9481 1.2113 44.56 
1.9486 1.2118 44.57 
average 44.54 
Inconsistent results were obtained in the analysis of unions by this 
method when only 25 cc. of the E>welling medium and of the alkali were 
used for a mixture of about 2 grams each of the acetate rayon and cotton. 
The results ranged from a loss of 19.58 per cent to a gain of 0.13 per cent 
of the acetate rayon. 
The procedure was modified for the analysis of acetate rayon and 
cotton unions by the use of double the volume of the swelling medium and 
the alkali. On the basis of blank determinations a correction of 0.0117 
grams of acetate rayon was made in the e}..'J)eriments reported in table 7. 
TABLE 7. 
Cellulose Cellulose acetate rayon 
acetate rayon Acetic acid Acetyl (calculated) Cotton 
percentage percentage 
gram gram percentage of ester of union gram 
- ----
1.6298 0.8798 38.69 101.31 100.59 1.9768 
1.6536 0.8963 38.84 101.72 100.75 2.1398 
SUMMARY 
1. The use of acetone as a differential solvent for the cellulose acetates 
(other than the triacetate) of union textiles gives the best results and is 
the only method which may be used with all union textiles. The results 
obtained by the method of direct solution are about the same (mean error 
of +0.20 per cent) as those based on the weight of the residue; however, 
the indirect method is preferable because it is more rapid and is simpler 
of manipulation. 
2. Acetic acid has been shown unsatisfactory as a differential solvent 
in the direct estimation of the cellulose acetate of union textiles. 
3. The proximate analysis of a union textile for cellulose acetate by 
means of the determination of the acetyl value by the method of acid 
hydrolysis has been shown unsatisfactory. 
4. The use of 1: 1 alcohol-water as a swelling medium and 0.5 N 
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alcoholic sodium hydroxide as a saponifying agent has been shown the 
best (mean error of +L52 per cent ester) of all the methods of alkaline 
hydrolysis for the acetyl value of cellulose acetate rayon in cotton mixtures. 
5. The cellulose acetate rayon studied (of usual acetyl content as 
compared with 15, 18, 24, 26, 47, 84, 97, 105 and 126) yielded acetyl values 
of 37.67, 37.76, and 37.92 (the theoretical acetyl value for cellulose diacetate 
is 34.96), respectively, by Ost 's, Barnett's, and Eberstadt 's methods. 
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PHYSIOLOGICAL STUDIES OF THE BUTYL-ACETONE 
GROUP OF BACTERIA 
I. GELATINOLYSIS1 
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From the Seoti<m of Bacteriology, Iowa Agriooltwral Experiment Station 
Accepted for publication September 14, 1932 
Results are reported on the gelatinolytic properties of twenty-two 
cultures of the butyl-acetone group of bacteria. The ability of these bac-
teria to bring about gelatinolysis is of importance to the bacteriologist in 
the identification of species and is of some practical significance; for ex-
ample, the Weizmann patent under which the commercial production of 
butyl alcohol and acetone is licensed, specifies that the organism used is 
characterized by its power of gelatinolysis. It seemed desirable to put the 
whole matter on a firm basis by making comparative studies by improved 
methods of the more important strains and species available. 
METHODS 
The procedures chosen for the determination of gelatinolysis may be 
referred to as follows: (a) method of maximum temperature of gelation, 
(b) mercury-protein precipitation method and (c) method of determination 
of viscosity. Each of the three will be discussed separately. 
Maximum temperature of gelatim. The purpose of the method is, as 
indicated by the title, to detect the maximum temperature at which the 
gelatin culture solidifies after incubation at 37° C. The method is ap-
plicable especially to those organisms with an optimum growth temperature 
above the gelation point of the medium. In the work here presented the 
gelation temperature was 20.5° C. 
The medium employed consisted of gelatin (Difeo) 10 per cent, pep-
tone 0.5 per cent, glucose 0.4 per cent, dipotassium phosphate 0.1 per cent 
and was sterilized for 15 minutes at 20 pounds pressure in the autoclave. 
After removal from the autoclave, the medium was cooled to 37° C. by 
plunging into cold water. The medium was inoculated when 37° C. was 
reached. 
The organism was cultured serially in the medium at 37° C. and the 
third transfer after incubation for 24 hours (or longer) was placed in the 
water bath at approximately 37° C. and the temperature slowly lowered, 
especially as 20.5° C. was approached, as this is the temperature at which 
the controls were found to solidify. A drop of one degree required 10 
minutes on an average. The tubes were periodically inclined to the hori-
zontal position and the gelation temperature noted as that point at which 
the medium failed to break from the wall of the horizontal tube. Slight 
deformation of the surface took place but no flow occurred. 
Control uninoculated tubes of the medium gave constant and repro-
ducible results within 0.5° C., varying from 20 to 20.5° C. Non-liquefying 
forms gave substantially the same temperature of gelation as the controls 
1 Journal Paper No. B70 of the Iowa Agricultural Experiment Station. Ames, Iowa. 
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and did not vary significantly during the period of incubation. The only 
precaution against evaporation was the use of tightly fitting cotton plugs; 
this precaution is not essential since the controls are subject to the same 
conditions as the inoculated tubes and a comparison is made. 
Mercury-protein precipitation method. The procedure employed is 
an adaptation of the method described by Frazier (1926) to anaerobic, 
aerogenic cultures of the butyl type. For details of the principles under-
lying the test, reference is made to the work of Frazier. 
The medium employed was composed of: gelatin (Difeo) 0.4 per cent, 
glucose 0.4 per cent, peptone 0.5 per cent, dipotassium phosphate 0.1 per 
cent, agar 2.0 per cent. Long slants are prepared and approximately five 
cubic centimeters of inoculum are placed in each tube. In this way the 
upper half of the slant which is not covered by inoculum may serve as a 
control as the tube is incubated in a vertical position. The inoculum should 
be taken from a young culture just starting to produce gas. Such a cul-
ture medium for inoculum should be preferably of the same composition 
as the agar gelatin medium employed, with the agar, of course, omitted. 
However, the final results were not different when corn-mash or glucose-
peptone media were employed. The slants are incubated at 37° C. for 48 
to 72 hours when they are removed and prepared for the addition of the 
acid bichloride of mercury solution. The liquid culture medium is poured 
from each tube and the agar-gelatin slant removed by flooding it out 
with water. The surface of the slant is carefully washed in running 
water by means of a cotton swab on the end of an applicator or 
match to remove adhering bacterial growth which interferes with the 
test. The washed slant is then placed in a bath composed of mercuric 
chloride 15 grams, concentrated hydrochloric acid 20 cc. and 100 cc. of 
water. Gelatinolysis is indicated within a few minutes by a clear medium 
whereas, the presence of unattacked gelatin (upper portion of the slant) 
is indicated by a chalk-like whiteness of the medium. This method yielded 
excellent results. The technic is simple and provides for the growth of 
aerogenic anaerobes. Since an active culture is used in making the in-
oculation we have found that the reduced potential necessary for the growth 
of anaerobes of the butyl-acetone type is adequately maintained during 
transfer of the inoculum to the slant. Redox potential determinations 
made by means of a vacuum-tube potentiometric set-up gave Eh values 
as follows: original culture -0.286; immediately after transfer of inoculum 
to slant, -0.270; five minutes after transfer, -0.280. 
We have tried a number of protein precipitating agents such as phos-
photungstic and trichloracetic acids, in the effort to find the most satis-
factory. Tannie acid has been used and a word regarding the results should 
TABLE 1. Precipitating action of ta'111711ic aci.d and mercuric chloride 
.Amino acids: 
Proteose- Amino ids glycine, tyrosine 
Gelatin pep tone Pep tone (casein) or phenylalanine 
- - - -
Acid Heavy Light 
HgOI. ppt. ppt. Trace No. ppt. No ppt. 
Moderately 
Tannie Heavy Heavy heavy Light 
acid PEt. EEt. p;et. P:Et· No ppt. 
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be mentioned. Tannie acid is not suitable because of its property of form-
ing a precipitate with degradation products of proteins. Solutions were 
prepared of gelatin, proteose-peptone (Difeo) peptone (Difeo) casein 
aminoids (Arlington) and three amino acids (glycine, phenylalanine and 
tyrosine). The acid bi chloride and tannic acid solutions were added to 
each of the solutions and the precipitation noted. 
It is apparent from the results in table 1 that unless the organisms 
break down the gelatin and any other proteins in the medium to the amino 
acid stage ( polypeptid Y), the reaction with tannic acid will not show any 
degradation of the protein unless the precipitate can be qualitatively dis-
tinguished in some manner. Apparently we met with such a situation with 
the butyl organisms for although the gelatin was certainly attacked, it was 
not broken down apparently into amino acids, at least completely, for a 
culture of 2C which is a good liquefier, was incubated for one week at 37° C. 
and following good growth, was then tested by the addition of tannic acid 
solution as recommended by Frazier (1926). The result was an opaque, 
white precipitate which would indicate proteins or their hydrolytic pro-
ducts above the amino acids. 
Viscosity method. Torrey (1910) used the Ostwald viscometer at 
40° C. to determine the viscosity of gelatin cultures which had been in-
cubated at 36° C. and then placed at 50° C., before making the viscosity 
determinations. The immediate object of Torrey's test was to aid in the 
identification of Escherichia coli in routine water analysis. Precautions 
pointed out by the author are: (a) necessity of having an exact quantity 
of medium in the Ostwald viscometer, (b) control of evaporation and (c) 
use of same lot of gelatin. He also pointed out that cultures forming a 
slime may not prove suitable for this method. 
Levine and Carpenter (1923), Levine and Shaw (1924) and Shaw 
(1924) also recommended the use of the Ostwald viscometer. The latter 
authors used a two per cent gelatin medium and following the suggestion 
of Davis and Oakes (1922) preheated the medium at 50° C. (rejuvenation) 
for 20 minutes before making the viscosity determinations at 40° C. These 
authors showed that liquefaction could be detected before any change in 
formol titration took place. 
The determinations of viscosity in the present work in one series of 
experiments were made at 40° C. following rejuvenation at 50° C. for 20 
minutes. The medium employed was composed of gelatin 2.0 per cent, 
glucose 0.4 per cent, dipotassium phosphate 0.1 per cent, peptone 1.0 per 
cent. The cultures were serially transferred at least three times in this 
medium. Incubation took place at 37° C. The apparatus for the deter-
mination of viscosity consists of a museum jar fitted with a thermostatically 
controlled, electric immersion heater, stirring motor and stirrer, wire basket 
to provide storage for tubes attaining correct temperature ( 40° C.), one 
or two tested thermometers, one placed with mercury near viscometer 
storage bulb, the other thermometer placed at some distance to check uni-
formity of temperature in the bath, and finally one or two Ostwald vis-
cometers suspended in the water so that the gelatin is below the water level 
at all times. A stop-watch is essential in taking the time of fl.ow between 
the two marks on the viscometer. After a predetermined period of in-
cubation at 37° C., the tube of gelatin medium is heated for 20 minutes 
at 50° C. (rejuvenation) ; it is then centrifuged to precipitate any debris. 
A definite quantity is placed in the viscometer by means of a pipette and 
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the apparatus placed in the water bath at 40° C. and time allowed for 
the gelatin to attain temperature. The cultures may be placed in a basket 
in the bath and allowed to attain temperature. The upper bulb is then 
filled to the mark and the exact time required to empty is noted. Duplicate 
readings should check within a fraction of a second usually varying not 
more than 0.2 second. 
It is more convenient to use a modified viscometer especially when it 
is desired to plot determinations of viscosity against time of incubation. 
This apparatus provides an economical and simple culture tube and vis-
cometer combined. Furthermore it is adapted to the cultivation of vigor-
ously aerogenic forms whereas, the use of the Ostwald viscometer is im-
practicable due to the great number of bubbles which collect on top of 
the medium and sediment which prevent taking of accurate 
readings. A sketch of this modified apparatus is shown in 
figure 1. It consists of a straight piece of capillary tubing 
to which a bulb is sealed with a short extension of tubing. 
The capillary tube is inserted through a rubber stopper which 
fits an ordinary 15 cm. test tube. An additional glass tube 
is provided in the stopper to permit escape of gas and to 
allow flow of air when the medium is forced into the visco-
meter bulb prior to the test. The upper end is flared and 
loosely filled with cotton to prevent contamination. Should 
the cotton plug fit too lightly the time of discharge of the 
viscometer will be changed. Inoculation of the medium may 
be made by means of a pipette through this tube. A similar 
plug is placed in the upper portion of the viscometer. The 
use of a cotton plug has caused no difficulty. It is important 
to insert the capillary into the medium to a fixed depth; this 
should be sufficient to fill easily the viscometer bulb with 
medium. An etched ring is placed on the capillary to mark 
the position and should be placed at approximately the same 
distance from the end of all viscometers. The capillary used 
has been approximately of one millimeter bore and the bulb 
had a capacity of about three cubic centimeters. The appa-
ratus may be constructed easily in the laboratory. 
The medium is placed in the test tube and the rubber 
stopper with the plugged viscometer and outlet tube is fixed 
in the test tube and the whole sterilized in the autoclave at 
15 pounds for 20 minutes. Gauze may be wrapped around the tube and 
stopper with the latter fitting loosely the tube. The inoculation is made 
when the medium has cooled and the apparatus suspended in the water-
bath at 37°C. It was not found necessary to rejuvenate the gelatin within 
the time limit of our experiments with incubation at 37° C. The control 
uninoculated tubes showed no increase of viscosity for a period of two days 
which was ample to complete the experiment. Furthermore, after com-
pleting the viscosity determinations at 37° C. over the period of the ex-
periment ( 48 hours) we have rejuvenated and redetermined viscosity and 
have found that rejuvenation did not alter the readings. 
Fig.1. 
Modified 
viscometer. 
In each case the viscosity determinations made by means of the culture 
tube viscometer are expressed as a ratio 
Time of outflow of medium after inoculation 
Time of outflow of medium before inoculation 
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If there is no marked change of viscosity with time the ratio remains ap-
proximately one. An increase in viscosity is manifested by a ratio greater 
than one, a decrease by a ratio less than one. Inasmuch as the quantity of 
inoculum used is frequently as much as one twentieth of the volume of the 
medium inoculated, there is often a shift in the ratio immediately follow-
ing inoculation. This viscosity ratio when plotted against time shows graph-
ically the relative change in viscosity. A control tube is used to determine 
whether there is any departure from the viscosity ratio of 1.0 during the 
progress of the test. If a marked increase in viscosity had been shown by 
the check, it would have been necessary to rejuvenate the gelatin by heating. 
The culture-tube viscometer has proven very satisfactory in our hands. 
It is economical, permits repeated readings, avoids the necessity of centri-
fuging or filtering and transferring of the medium to a viscometer, is ap-
plicable to aerogenic bacteria, and does not require the use of an exact 
amount of medium. The latter point is a decided advantage. 
The culture-tube viscometer provides a convenient, rapid and quan-
titative method for the determination of gelatinolysis. 
I 
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Again it should be noted that rejuvenation of the gelatin may be neces-
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sary if the control tube shows departure from a viscosity ratio of one. How-
ever, under the conditions of our experiments rejuvenation was not 
necessary. 
The complete apparatus and set-up is shown in figure lA. 
In the three media employed it will be noted that glucose (0.4 per cent) 
was used. This concentration was decided upon after trial. In the absence 
of any utilizable carbohydrate the butyl-acetone bacteria fail to grow. 
Growth in a gelatin-peptone medium was not sufficient to give satisfactory 
results although the presence of gelatinase could be detected. The objection 
which might arise to the use of glucose, especially in greater concentration 
than used in this work, lies in the fact that its presence might inhibit the 
production of gelatinase, a fact in the case of certain bacteria such as 
Proteus. Only after complete utilization of the sugar is the enzyme pro-
duced. The use of 0.4 per cent dextrose did not prevent the formation of 
gelatinase since it was completely dissimilated by the bacteria. It will be 
noted in the graphs to be presented that liquefaction became apparent in 
liquefying cultures following the period of active gas production. 
The effect of change in pH of the culture on viscosity does not in any 
way, tend to reduce the usefulness of the viscosity method of determining 
gelatinolysis. The work of Davis and Oakes (1922) shows the maximum 
viscosity to be at pH 3.5 ( 40° C.) with a diminution on either side of this 
acidity to a minimum at pH 8.0. Our cultures had a final pH very near 
to 4.7. Thus there would be a slight increase of viscosity to be ascribed 
to a change in pH since our culture medium had an initial pH of 6.8 to 7.0. 
For practical purposes the influence of pH may be disregarded in the 
present work since the effect is slight and results in an increase of vis-
cosity. 
CULTURES 
The species and strains used in the present experimental work retain 
the names by which they were received. The source of each culture is 
indicated as follows: 
Culture 
Organism received as number Received from 
Clostridium acetobutylicurn-B lC Dr. Leo F. Rettger, 
Yale University 
" 
II 
-I 2C " 
" 
II 
-K 3C " 
" " 
-M 4C II 
" " 
-R 5C " 
" 
II 
-So 6C " 
" 
II 
-St 7C 
" 
" 
II 140 Dr. A. M. Wynne, 
University of Toronto 
II II lD Dr. A. J. Kluyver, 
Delft, Holland 
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Cl. acetonigenum-862 
Cl. Beijerinckii-858 
II II 
Cl. butylicum 
Bacillus butyliciis-3625 
II 11 -4259 
Cl. butyricum-824 
Cl. f elsineum 
Cl. Pasteur·ianum-861 
II II 
Cwstridium pectinovorum-859 
Cl. saccharobutyricum-860 
II II 
13C 
9C 
4D 
2D 
15C 
16C 
SC 
5D 
12C 
6D 
lOC 
llC 
3D 
American Type Culture 
Collection 
II 
Dr. A. J. Kluyver, 
Delft, Holland 
II 
American Type Culture 
Collection 
" 
" 
Dr. A. J. Kluyver, 
Delft, Holland 
American Type Culture 
Collection 
Dr. A. J. Kluyver, 
Delft, Holland 
American Type Culture 
Collection 
" 
Dr. A. J. Kluyver, 
Delft, Holland 
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Appreciation is expressed to the various donors for their kindness in 
sending cultures. 
TABLE 2. Maximum t emperatures of gelatWn. 
Maximum gelation 
temperature, c· 
Culture 
Organism received as no. 24 hrs. 48 hrs. 72 hrs. 
Control 20.5 20.5 20.5 
ClostricUum aoetobutyliczwn 10 20.0 16.5 10.5 
II II 20 15.0 2.5 -5.0 
II II 3C 
(liquid) 
16.0 --4;0 
II II 40 20.5 19.5 17.0 
" " 50 17.0 2.5 -5.0 
II 
" 6C 20.5 17.0 
(liquid) 
II II 70 14.0 --4.0 
" " 140 16.5 2.0 -5.0 
" " ID 
(liquid) 
11.5 3.0 
Cl. aceto-nigenwm 130 20.5 18.5 16.5 
Cl. B e.ijerincJoU 90 20.5 20.5 20.5 
" " 4D 20.5 20.5 20.5 
Cl. butylicwm 2D 20.5 20.5 20.5 
Bacillus butyli.cus 150 13.0 1.5 
" " 160 20.0 19.5 17.0 
Cl. butyricum 80 15.5 2.0 -5.0 
Cl. felsWteum 5D 16.0 
(liquid) 
1.0 
Cl. Pasteuria'lllWm 6D 20.5 20.5 20.5 
" " 120 20.5 20.5 20.5 
Cl. pectincworum lOC 20.5 20.5 20.5 
Cl. saccharo-butyricwm 110 20.5 20.5 I 20.5 " " 3D 20.5 20.5 20.5 
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EXPERIMENTAL RESULTS 
The experimental results obtained by each method will be presented 
separately and discussed in the summary. 
Maximum temperature of gelation. These results are presented in 
table 2. Each non-liquefying culture is characterized by a constant gelation 
temperature (20.5° C.) throughout the period of the experiment (72 hrs.). 
The various strains and species which did not liquefy gelatin showed 
exactly the same maximum temperature of gelation (20.5° C.) at intervals 
of 24, 48 and 72 hours. It may be concluded that non-liquefying cultures 
do not change the maximum temperature of gelation during three days' 
growth at 37° C. 
Of 22 strains, 14 are to be classed as liquefiers. The liquefiers do not 
show the same consistency as the non-liquefiers. This may be due, in part, 
to inherent defects of the method. 
However, remarkable consistency and uniformity of results are hardly 
to be expected when we consider the difficulty of obtaining cultures even 
of the same organism, in exactly the same stage of development at any 
fixed time. 
A number of cultures were sufficiently gelatinolytic as to destroy ap· 
parently all the gelation properties of the medium within 48 hours [cul· 
tures 20, 30, 50, 7C, 140, lD (Cl. acetobutylicum), 80 (Cl. butyricum) 
and 5D (Cl. felsineum)]. In a number of instances the medium was cooled 
to -5° C. and no gelation of the medium occurred. In these cases a crystal 
of ice dropped into the medium at the above temperature caused prompt 
solidification, showing a ''super-cooled'' condition. 
In cultures 10, 40, 60, (Cl. acetobutylicwrn), 130 (Cl. acetonigenum) 
and 160 (B. butylicus) the liquefying properties were not so pronounced 
as in those just discussed. It is not apparent whether this reduced liquefy. 
ing power is a matter of previous history of the culture or not. Frequently 
when such cultures were tested again greater liquefaction resulted, in-
dicating that the apparent difference lay in the culture itself. Every effort 
was made to have the cultures in an active state and in the same stage of 
development. Bacillus butylicus, 160 in the experiment recorded in table 
2 did not appear from the results to be as vigorous a liquefier as culture 
150 which was received under the same name. However, a later test showed 
160 to liquefy nearly as well as 150 (14° C. for 160 and 10° C. for 150 
at 48 hours). Culture 60 likewise showed more marked liquefaction in an-
other test (0° C., 48 hours) than in the experiment recorded in table 2. These 
differences in results were the only ones noted and are of a quantitative 
nature. 
Mercury-protein precipitation method. The results obtained by the 
use of this method are shown in table 3 and photographs shown in plate I. 
The method proved very convenient and yielded excellent results when 
used as described. 
The results confirm those of the previous method in establishing the 
identity of the liquefying and non-liquefying strains. The photograph in 
plate I was taken with a black background which is visible through the 
clear medium of the liquefiers (B and D). Slant A was prepared by im-
mersing the uninoculated medium in the acid mercuric chloride bath for 
several minutes, while C, a non-liquefier, was prepared in the same manner 
as B and D by first washing off the organisms and then placing in the bath. 
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TABLE 3. Gelatihwlysis by the mercmry-protein precipitatum methoit 
Organism received as 
-------
Control 
Clostridium aoetobutyUcum 
" If 
" 
" ,, 
" 
" ,, 
II 
Cl. aceto'lllig13'111U1111 
Cl. Beijerinokiti 
II II 
Cl. butylwum 
Bacillus butyl~ 
11 II 
Cl. butyri.cwm 
Cl. felsineum 
Cl. Pasteuria'1!1Wm 
II II 
Cl. pectinovorum 
" 
" 
" ,, 
" 
" 
II 
Cl. sacoharobutyrioum 
II II 
Culture 
no. 
10 
2C 
30 
4C 
50 
60 
70 
14C 
1D 
13C 
90 
4D 
2D 
150 
160 
80 
5D 
12C 
6D 
lOC 
110 
3D 
Effect of HgC12 on 
72 hour cultures 
Opaque white 
Clear 
Clear 
Clear 
Clear 
Clear 
Clear 
Olear 
Clear 
Olear 
Olear 
Opaque white 
Opaque white 
Opaque white 
Clear 
Olear 
Clear 
Clear 
Opaque white 
Opaque white 
Opaque white 
Opaque white 
Opaque white 
Gelat· 
inolysis 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
The chalk-like whiteness is apparent. The photograph was made from 
unselected tubes used in the experiments and clearly differentiates the 
liquefiers and non-liquefiers. 
Viscosity determinations. Viscosities determined by the Ostwald vis· 
cometer are given in table 4, as ratios. These results are in agreement with 
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Fig. 2. Viscosity graph of C. butylicwm, a slime former. 
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TABLE 4. Viscosity* as determined by the Ostwald v.isoometer 
Age of culture 
Culture 
4 hrs. I 24 hrs./ 48 hrs. I 12 hrs. l120 hrs./14 days Organism received as no. 
Oontrol 1.000 1.006 1.000 1.020 1.000 
Clostridium acetobutylicum lC 0.974 0.832 0.814 0.807 0.774 
II 
" 2C 0.967 0.929 0.787 0.767 0.767 
" 
II 3C 0.967 0.877 0.781 0.781 
" " 4C 0.967 0.852 0.807 0.807 I " " 5C 0.967 0.820 0.800 0.794 
" " 60 0.974 0.956 0.877 0.864 
" " 70 0.955 0.824 0.800 0.774 
" " 140 0.948 0.807 0.800 0.774 
" " 1D o.98o 0.820 0.820 0.800 Cl. acetonige'/l!Um 13C 1.006 0.935 0.910 0.864 0.832 
Cl. Beijerinckii 90 1.006 1.000 1.000 1.006 
" " 4D 1.013 1.014 0.998 0.967 0.960 
Cl. butyli01im 2D 1.013 1.038 0.994 1.031 1.000 
Bacillus butylicus 150 0.974 0.903 0.814 0.774 0.760 
" " 160 0.942 0.858 0.814 0.781 Cl. butyricum 80 0.967 0.826 0.775 0.767 0.767 
Cl. felsinewm 5D 0.967 0.823 0.790 
0.950 I 1.000 Cl. Pasteuri.a71!Wm 12C 1.006 0.994 0.988 1.006 " " 6D 1.006 0.980 1.000 0.956 
Cl. pectino'f!orwm 100 1.011 0.988 0.988 
I Cl. saccharobutyricwm 110 1.006 1.000 0.980 0.980 " If 3D 1.010 0.998 0.990 0.988 
* Viscosity recorded as: discharge time of culture discharge time of uninoculated medium 
those obtained by the former methods and definitely show Cl. acetobuty-
licum, Cl. felsineum, Cl. butyricum, Cl. acetonigenum and B. butylicus to 
be gelatin liquefiers. Cl. Beijerinckii, Cl. pectinovorum, Cl. saccharobuty-
'1'1- iD hove 
Fig. 3. Viscosity graphs. 
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Fig. 4. Viscosity graphs. 
ric1tm, Cl. Pasteurianum and Cl. butylicum are non-liquefiers. Observation 
of the results after 72 hours (table 4) reveals the fact that no liquefier 
showed a viscosity ratio above 0.864 (strain 6C) while the lowest viscosity 
shown by a non-liquefier was that of Cl. Pasteurianum giving a reading of 
0.956. It is to be recalled that each determination of viscosity by the Ost-
wald viscometer is made on an individual tube of a series inoculated at 
the start of the experiment. Use of the Ostwald viscometer as a culture 
tube is impracticable with aerogenic organisms of the butyl-acetone group. 
Inasmuch as it is difficult or practically impossible to obtain a series of 
six cultures of an organism in exactly the same stage of growth at any 
given time, it becomes apparent that plotting of viscosity with time may 
lead to irregularities in the graph. For this reason the graphs shown in 
figures 2, 3and 4 are based on the results obtained by the use of the culture-
tube viscometer. These data are tabulated in tables 5, 6, 7 and 8. Here 
again the results confirm previous data with regard to the ability of strains 
and species to liquefy gelatin. 
Cl. butylicum strain 2D is a slime producing organism whose viscosity 
graph is shown in figure 2. The organism is not a liquefier of gelatin. Ap-
parently the slime causes an increase in viscosity resulting in a viscosity 
ratio greater than the 1.0 of the control. Failure of table 4 to show any 
marked increase of viscosity for 2D is due to centrifugalization of the slime. 
It is possible that slime production would interfere with determination of 
gelatinolysis by viscosity measurements. Further experimental data are 
required to answer this question. In view of the simplicity of the methods, 
it seems desirable in describing species of bacteria, to determine gelatino-
lysis by at least two different methods. 
A slight rise in the curves of several strains occurred at the time of 
maximum gas production and seemed to be limited to the liquefying cul-
Organism received as 
Control 
ClogtridVivm Bei-jerinclcii 
,, # 
Cl. butylicwm 
Cl. Pasteivria7llWITI 
,, ,, 
Cl. pectinovorwm 
Cl. sacoharobutyricum 
,, ,, 
Organism received as 
Control 
Clostridiwm acetobutylicwm 
,, ,, 
,, ,, 
,, ,, 
,, ,, 
Cl. acetonigenwm 
Cl. felsinewm 
Culture 
no. 
9C 
4D 
2D 
120 
6D 
lOC 
110 
3D 
TABLE 5. Viscosity determined by the culture ttibe v·iscomet er 
Non-liquefiers. 
Discharge time Discharge time (seconds) after incubation 
(seconds) at 37° C. (hours) 
-
I I I I l Uninoculated gelatin I medium Water 0 3 6 I 17 23 29 
44.4 31.0 44.4 44.4 44.4 44.5 I 44.4 44.6 81.6 57.0 82.1 81.9 82.0 83.8 83.5 83.3 49.3 34.4 49.3 49.1 49.1 50.1 50.0 49.7 
68.5 47.9 09.2 69.3 69.5 77.1 I 77.0 79.5 
74.5 52.0 74.5 74.5 75.5 74.6 I 74.7 74.3 
51.1 35.7 51.2 51.2 50.9 - 50.8 I 50.9 50.9 
74.3 51.9 75.5 75.1 74.4 
51.0 35.6 50.7 50.6 50.8 
45.5 31.8 46.2 46.0 45.9 
TABLE 6. Viscosity determined by the culture tube viscometer 
Liquefiers. 
Discharge time 
73.6 
I 
73.5 73.4 
50.4 50.2 50.2 
45.5 45.4 45.2 
I I 
I I 42 I 
I 44.4 I 83.-0 49.6 
82.7 
74.2 
50.9 
73.7 
50.1 I 45.1 
48 
44.4 
83.1 
49.2 
80.8 
74.1 
50.6 
73.5 
50.0 
45.-0 
(seconds) Discharge time (seconds) after incubation at 37° C. (hours) 
' ' 
I 
I Uninoculated I Culture gelatin I No. medium Water 0 1 3 4 5 6 7 8 9 10 11 
47.9 30.7 47.9 47.9 48.2 48.2 47.8 I 47.7 47.9 48.0 47.7 47.8 47.7 
10 94.8 60.8 91.0 90.2 90.4 90.2 90.2190.1 90.2 90.0 90.0 89.7 90.4 
30 54.9 35.2 53.1 52.8 52.3 52.4 52.8 53.1 53.0 51.6 50.4 48.5 47.9 
50 81.0 51.9 77.9 77.9 77.2 77.3 77.5 77.4 75.5 74.0 72.3 70.4 69.6 
70 52.1 33.4 50.2 49. 1 I 5o.o I 49.8 49.6 I 49.8 49.7 49.4 49.3 47.7 47.2 
14C 53.4 34.2 52.0 51.9 , 51.6 , 51.3 51. 7 I 52.4 I 52.6 49.7 48.8 , 48.1 47.3 
13C 77.1 49.4 75.7 75.4 75.5 75.2 76.o I 16.2 76.8 76.8 76.7 75.6 75.6 
5D 55.7 35.7 54.9 54. 7 54.5 54.4 54.6 I 54.8 I 55.2 55.2 55.5 56.0 55.8 
Organism received as 
Control 
Clostriditwm acetobutylicwm 
" " 
" 
,, 
,, ,, 
" " 
Cl. acetonigenum 
Cl. fel.smeum 
Organism received as 
Control 
Clostr·idimn Beijerinokii 
" " Cl. butylicwm 
Cl. Pasteuriamim 
" " 
Cl. pecUiwvorwm 
Cl. saooharobutyricwm 
" " 
TABLE 6. (Continued) Viscosity determined by the culture t1~be viscometer 
Liquefiers. 
Discharge time 
(seconds) Discharge time (seconds) after incubation at 37° c. 
I I II I I Uninoculated I 
'1 
I 
Culture gelatin 
13 I 17 I I I No. medium Water 15 I 19 20 I 22 
47.9 30.7 47.9 47.9 47.8 47.7 47.8 47.7 
lC 94.8 60.8 90.5 87.4 85.1 83.7 83.0 82.0 
30 54.9 35.2 46.7 45.8 45.0 44.5 44.3 44.2 
50 81.0 51.9 68.2 67.0 66.3 65.2 65.2 65.1 
70 52.1 33.4 46.0 44.9 44.3 43.8 43.5 43.2 
14C 53.4 34.2 46.3 45.5 44.9 44.4 44:0 43.9 
13C 77.1 49.4 74.3 73.1 72.0 71.0 70.6 70.1 
5D 55.1 35.7 54.6 51.3 49.1 47.2 46.8 46.2 
TABLE 7. Viscosity determined by the culture tube viscometer 
Non-liquefiers. 
25 28 31 
47.7 47.8 47.5 
80.5 79.4 78.7 
43.8 43.6 43.2 
64.8 64.1 63.8 
42.9 42.4 42.0 
43.6 43.2 43.2 
69.2 68.2 67.4 
45.7 45.0 44.8 
Viscosity ratio after incubation at 37° C. (hours) 
Culture I I I I I I no. 0 3 6 17 23 29 42 
1.000 I 1.000 1.000 I 1.002 1.000 1.004 1.000 9C 1.006 1.004 1.005 1.027 1.023 1.021 1.017 
4D 1.000 0.996 0.996 I 1.016 1.014 1.008 1.006 
2D 1.010 1.011 1.015 
I 
1.125 1.124 1.161 1.207 
120 1.000 1.000 1.-013 1.001 1.000 1.000 0.997 
6D 1.002 1.002 0.996 0.994 0.996 0.996 0.996 
lOC 1.016 1.-011 1.001 0.991 0.989 0.988 0.992 
110 0.994 0.992 0.996 0.988 I 0.984 0.984 0.982 3D 1.015 1.011 1.009 1.000 0.998 0.994 0.992 
(hours) 
34 
I 
I 
I 46 
47.7 47.6 
78.1 76.2 
43.0 42.3 
63.6 62.7 
41.7 41.4 
42.8 42.2 
66.9 65.5 
44.8 44.0 
I 48 
1.000 
1.019 
0.998 
1.180 
0.996 
0.990 
0.989 
0.980 
0.990 
Organism received 88 
Control 
Clostridium aoetobutyliowm 
,, ,, 
" 
" 
" 
Cl. acetcmigenwm 
Cl. felsineum 
" 
" ,, 
Organism received 88 
Control 
Clostridium aoetobutyliowm 
" " 
" 
,, 
" " 
" " 
Cl. acetcmigenwm 
Cl. felsineum 
Liquefiers. 
T.ABLE 8. Vi.soosity determined by the culture-tube 1!isoometer 
Culture 
no. 
10 
3C 
50 
70 
14C 
13C 
5D 
0 
1.000 
0.960 
0.967 
0.962 
0.963 
0.974 
0.982 
0.986 
I 1 I 
i.ooo I 
0.951 
o.961 I 
0.962 
i:~~~ I 
II O.!J78 I 0.982 
3 
1.006 
0.954 
0.951 
0.953 
0.959 
0.966 
0.980 
0.979 
Viscosity ratio after incubation at 37° C. (hours) I 4 I 5 \ 6 I 1--,--I ~8 --,-'-I -9---,-l-10----,--I -1-1 -
1.006 I 0.998 I 0.996 '1 1.000 I 1.002 0.996 0.998 0.996 
0.951 0.951 0.950 0.951 0.949 0.949 0.946 0.954 
0.954 0.961 0.967 ,
1 
0.965 I 0.940 0.917 0.883 0.871 
0.954 0.956 0.955 0.932 0.913 0.892 0.869 0.859 
0.956 0.952 0.956 0.954 0.948 0.946 0.915 0.905 
o.961 o.968 o.981 I o.985 I o.931 o.914 o.901 o.886 
0.975 0.986 0.988 I 0.996 I 0.996 0.995 0.981 0.981 
o.977 o.980 o.984 o.991 o.991 o.996 1.005 I i.002 
TABLE 8. (Continued) Visoosity determined by the cultwre-tube 1!isoometer 
Liquefiers. 
Viscosity ratio after incubation at 37° C. (hours) 
Culture I I I I I I I I I I no. 13 15 I 17 19 20 22 25 28 31 34 46 
1.000 I 1.000 I 0.998 0.996 I 0.998 I 0.996 I 0.996 I 0.998 II 
0.992i 
I 
0.996 
! 
0.994 
10 0.955 I 0.922 0.898 0.883 0.875 I 0.865 I 0.849 I 0.838 0.830 0.824 0.804 30 0.851 I 0.834 I 0.819 0.810 0.807 I 0.805 0.798 0.794 0.787 0.783 0.771 50 0.842 I 0.827 I 0.818 0.805 0.805 0.804 0.800 0.791 I 
0.788 0.786 0.775 I 
7C 0.883 
I 
0.861 0.849 0.840 0.835 I 0.829 I 0.823 0.814 0.806 0.800 I 
0.794 
14C 0.867 0.852 I 0.841 0.832 0.824 0.822 I 0.817 0.809 0.809 0.802 0.790 130 0.964 0.948 0.934 I 0.921 I 0.916 I 0.909 I 0.898 I 0.885 I 0.874 0.868 0.863 5D 0.980 I 0.921 I -0.882 0.847 0.840 0.829 I 0.821 0.808 0.804 I 0.804 I 0.790 
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tures. The cause was not determined but may be a manifestation of the 
tendency of the butyl-acetone group to form slime. 
By use of the culture-tube viscometer, smooth curves showing the 
progress of liquefaction are obtained with little difficulty, leading to a 
distinct separation of the liquefiers from non-liquefying strains. 
From the standpoint of interpretation of the results in tables 7 and 
8, it is apparent that the non-liquefiers taken at 48 hours did not yield 
viscosity ratios of less than 0.980 (Cl. Pasteurianum, 6D). On the other 
hand no liquefier gave a value greater than 0.863 (Cl. acetonigenum, 13C). 
It is doubtful whether there is any advantage in continuing the determina· 
tions after 48 hours in the case of the present work. 
SUMMARY AND CONCLUSIONS 
Determination of gelatinolysis of 22 species and strains of the butyl-
acetone group of bacteria by three different and improved methods has led 
to the conclusion that the following are to be classed as gelatin liquefiers: 
1. Cl. acetobutylicum, lC, 2C, 3C, 4C, 5C, 6C, 7C, 14C, lD 
2. Cl. f elsineum, 5D 
3. Cl. butyricum, BC 
4. Cl. acetonigenum, 13C 
5. B. butylicus, 15C, 16C 
The following are not gelatin liquefiers : 
1. Cl. butylicum, 2D 
2. Cl. Pasteurianum, 6D, 12C 
3. Cl. Beijerinckii, 9C, 4D 
4. Cl. pectinovorum, lOC 
5. Cl. saccharobutyricum, llC, 3D 
The names employed in this publication are those by which the cul-
tures were received and their use does not imply acceptance by the authors 
either from the standpoint of nomenclature or classification. A later publi-
cation in this series, will deal with the physiology and classification of the 
butyl-acetone bacteria. 
The strains used in the present work are well known in bacteriological 
literature and include cultures employed in the production of butyl alcohol 
and acetone. Strains isolated in this laboratory have not been included 
for this reason. 
So far as the method of determining gelatinolysis is concerned, there 
is agreement among the three procedures employed in this work. The 
modified mercury-protein precipitation method has given very satisfactory 
results in our hands and is simple and convenient. The use of the culture-
tube viscometer is likewise to be recommended. This method gives ex-
cellent results and provides for the determination of the progress of gela-
tinolysis with time. For cultures growing at 37° C. over a period of 48 
hours, no rejuvenation is necessary. Before using the culture-tube vis-
cometer at incubation temperatures below 37° C., it would be necessary 
to determine whether rejuvenation is required. Should rejuvenation be 
necessary at 50° C. for ten to twenty minutes, it would of course, prevent 
taking readings at intervals. 
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Plate I 
Gelatinolysis. Mercury-protein Precipitation Method. 
A. Control 
B. 13C,-Cl. acet01lligenwm 
C. 3D,-Cl. saccharobutyric11m 
D. 5D,-Cl. f elsine'Ulln 
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The use of the hydrogen or quinhydrone electrodes with biological 
fluids such as blood-serum possesses serious limitations. The hydrogen 
electrode is poisoned easily by the protein materials and the quinhydrone 
measurements are seriously disturbed by oxidizing and reducing substances 
leading to drifting potentials and therefore to misleading results. The 
quinhydrone electrode also is limited in its use to values of pH less than 
8. In studies on the properties of the hog cholera virus being made by one 
of the authors it was highly desirable to develop a method for pH de-
terminations which would eliminate the difficulties noted above. 
The glass electrode seemed to be the solution of the problem. In fact 
several investigators have demonstrated the utility of the glass electrode in 
the field of biology, but due to the very high resistance of the glass mem-
brane, measurements cannot be made with the galvonometers and poten-
tiometers commonly found in the laboratory. Until recently, electrometers 
of one type or another have been employed as null instruments. These are 
accurate and satisfactory in operation where the operator has considerable 
technical skill. These apparatuses have been elaborate, expensive, and have 
required much insulation and shielding for their proper operation. Many 
difficulties have been experienced even under most favorable conditions, to 
say nothing about those experienced under the average laboratory con-
ditions. 
With the advent of the radio and the development of electron tubes 
new tools have been placed in the hands of the scientific workers in the 
development of potentiometric methods. Recently several types of electron 
tube potentiometers have been developed which have been a decided im-
provement on the electrometer types and which are much less expensive. 
These investigators have contributed much toward the simplification and 
perfection of the glass electrode apparatus. 
However these electron tube apparatuses have employed the more ex-
pensive tubes rather than the inexpensive electron tubes available at any 
radio shop. In this paper we shall describe a simplified instrument which 
employs the common inexpensive type of electron tube and which can be 
used with almost any type of potentiometer and fairly sensitive gal-
vanometer. The apparatus is composed of standard units which can be 
readily obtained at relatively small cost. This makes it possible to con-
vert a quinhydrone or hydrogen electrode apparatus to use with a glass 
electrode at a cost less than that of one of the electron tubes used in the 
earlier apparatus. The structure and operation are simple, being 8uitable 
for routine laboratory use. The apparatus can be made even more com-
pact to form a portable unit. The wiring diagram is that of Harrison 
(1930) modified to employ an inexpensive electron tube which can be pur-
chased at any radio supply shop. 
[111] 
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A complete review of the development and use of the glass electrode 
will not be made at this time. However, the appended bibliography lists 
references not only concerning the glass electrode itself, but also dealing 
with the various units employed in such an equipment. 
DESCRIPTION OF APPARATUS 
Harrison (1930) points out two difficulties that arise when the com-
mon electron tube is used. First, the characteristic of the tube changes 
with a change of resistance in the grid circuit; and second, the common 
tube requires more current in the grid circuit to keep it in equilibrium 
than is furnished by the glass electrode. In this paper we wish to point 
out how these difficulties can be overcome and what common electron tube 
is most easily adapted. 
The characteristic of a vacuum tube is the curve obtained when grid 
voltages as abscissae are plotted against plate current as ordinates. Re-
sistance in the grid circuit shifts this curve. This change of characteristic 
necessitates a change in potential on the grid to keep the plate current 
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constant. We have overcome this difficulty by putting a large resistance 
in the grid circuit thereby changing the characteristic to the point where 
the addition of more resistance causes very little change in the character-
istic. With this modification it is possible to measure cells with very high 
resistance with an accuracy less than one millivolt. Greater accuracy than 
this is not necessary with the glass electrode since each electrode is stan-
dardized separately against lmown buffers. The resistance of the electrode 
does not vary appreciably. 
To overcome the second difficulty we have only to find the proper 
negative grid b!as for a given tube. ·If the grid is positive with respect 
to the negative leg of the filament, a current will fl.ow from the grid to the 
:filament exactly as in the case of the plate. If the potential on the grid 
is zero, no current should fl.ow, but usually there is a small leakage. To 
reduce this current, it is necessary to impose a negative charge on the grid. 
In the case of the UX 232 tube a "C" battery of one and one-half volts is 
entirely satisfactory. At this point the current from the grid to the fil-
ament is exceedingly small, about 1 x 10--10 amperes, if 22% volts are used 
on the plate. If more than 1.5 volts are used a current will fl.ow in the 
opposite direction from that in the case just mentioned. One dry cell gives 
good results here. A fl.ash light cell should not be used. 
The switch S1 of the diagram is kept closed unless a reading is being 
made. It will be noted that the potentiometer and cell are short circuited, 
but at balance no current will be drawn from the cell since the negative 
e.m.f. of the potentiometer just balances the positive e.m.f. of the cell to 
be measured. Also when the switch is kept closed the grid of the tube is 
connected through R5 and through the '' C'' battery to the negative leg of 
the filament. This circuit is always constant so that as long as the switch 
is kept closed the grid potential is the same and the resistance from the 
filament to the plate in the tube does not vary; for example, suppose we 
have a cell we wish to read whose voltage is 0.20 volt and we tap the key 
S1 when the potentiometer is set at zero. Instead of the grid being con-
nected through the switch S' to the filament, it is connected through the 
cell and potentiometer. With the potentiometer at zero the potential on 
the grid is now different by 0.20 volt and the resistance from the filament 
to the plate inside the tube is varied proportionally. By adjusting the 
potentiometer to 0.20 volts the potential due to the cell in this circuit is 
neutralized and the potential on the grid is the same whether S1 is closed 
or open. In practice the switch S1 is opened and closed until no change 
~s detected in the circuit containing the galvanometer. 
In this hook-up using the UX 232 vacuum tube the screen grid and the 
plate are both connected to the positive pole of a 22% volt '' B'' battery. 
The filament current (0.06 amperes) is supplied by a 2 volt lead storage 
cell of large capacity. As soon as the filament is heated a current flows 
from the plate to the filament inside the tube. .Suppose the circuit with the 
resistance R1 , R 2, and R3 is left out for a moment. The current fl.owing 
in the plate circuit must go through the galvanometer G. The current is 
too strong for a sensitive instrument so that it is necessary to tap off an 
amount equal to this from the "A" battery and run it through the gal-
vanometer in the opposite direction. In order to control this current, a 
potentiometer P 1 is connected across the "A" battery. This is not suf-
ficient for fine adjustment so Ru R2 , and Rs are placed in the circuit. R1 
is variable and serves as a fine adjustment. R2 and Rs are provided with 
switches to short them out if necessary. It has been found that R2 plus R3 
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should equal 100,000 ohms and that the switches to short them out are not 
needed. The resistance R4 is used to proteet the galvanometer when the 
set is turned off and on. This is necessary because the filament takes some 
time to heat up while the compensating current starts immediately. As 
soon as the filament is heated the switch S may be closed and the com-
pensating current adjusted so that the galvanometer stands at zero. This 
resistance is convenient when measuring an unknown e.m.f. where the gal-
vanometer is likely to be damaged. 
OPERATION 
The filament of the vacuum tube is turned on and the rheostat turned 
up just to the point where the filament will be hot enough to function. 
Nearly all of the 30 ohm rheostat should be used. When this is once ad-
justed it seldom needs to be changed. Next adjust the galvanometer to 
zero with the switch S1 closed. A standard cell is placed in series with a 
ten megohm grid leak in place of the glass cell and the potentiometer ad-
justed to the value of the standard cell. The apparatus is now ready for 
use. Measurements are made in the usual way as with any potentiometer. 
The vacuum tube merely acts as an amplifier for the galvanometer. 
THE GLASS ELECTRODE 
Electrodes were made according to the diagram from Corning gla&1 
No .. 015. This is a very soft glass and great care must be exercised when 
the electrodes are blown. The end of the tubing is sealed off and a small 
bulb blown on the end. This bulb is heated very carefully in one spot on 
the side and drawn in. This membrane should be thick enough to with-
stand blowing with the mouth. These that can be blown out are too fragile 
to use. 
The electrodes are filled with approximately O.lN HCl and a silver 
chloride electrode is sealed in the top with paraffin. The silver-silver chlo-
ride electrodes are most conveniently prepared by the method of Maclnnes 
and Beatty (1920). Electrodes prepared and sealed in this way have 
given good satisfaction for several months. They .are kept in approx-
imately O.lN HCl when not in use. 
METHOD OF CALIBRATION AND USE OF THE STANDARD EQUATION FOR 
THE GLASS ELECTRODE 
As early as 1909 Haber and Klemenziewiez showed that if two solu-
tions at different values of pH each with a calomel electrode, are separated 
by a thin glass membrane, an e.m.f. is developed which may be related as, 
(1) 
in which thei constant C is practically equal to the expression RT/F found 
in the classic equations for chemical electromotive force. This means that 
the e.m.f. is a linear function of the difference in pH of two solutions. 
In calculating the pH of a solution, using the glass electrode, the for-
mula given by Stadie (1929) is efficient through ranges most commonly met 
in biological studies. For pH values higher than about 9.5 it is advisable 
to plot a curve using buffer solutions of known values, since the linear re-
lation between pH and e.m.f. does not hold accurately for higher values 
of pH. 
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The equation is, 
pH= ~ (E-eo) (2) 
in which, 
E = the e.m.f. developed 
e0 = a constant characteristic for a given electrode 
The following data illustrate the determination of the values of the 
constants. Four buffered solutions were prepared and the values of pH 
carefully measured with the hydrogen electrode at 25°0. The values of 
the e.m.f. produced were determined under same conditions except that 
the glass electrode was substituted for the hydrogen electrode. The values 
were: 
pH e.m.f. 
3.97 0.1528 
5.97 0.2698 
7.90 0.3839 
9.90 0.4936 
A graph of the values of e.m.f. against the pH values shows that the 
e.m.f. changes 0.0588 volts per unit change in pH, hence NF jkRT = 
0.0588 and, 
H E-eo 
p = 0.0588 (3) 
Substituting in equation (3) the values of E obtained at the various 
pH values and solving for e0 we obtain -0.0806, hence, for the glass elec-
trode used, 
pH E + 0.0806 0.0588 
The value of the constant NF jk:RT does not vary with the electrode 
but e0 is subject to some variation, hence it is advisable to check this con-
stant each day against 0.05N potassium acid phthalate 
SUMMARY 
A simplified circuit has been described for an electron tube poten-
tiometer for use with the glass electrode. The apparatus is composed of 
standard units which can readily be obtained at small cost. The equip-
ment makes use of the common vacuum tube UX 232, which is inexpensive 
and can be obtained at any radio supply shop. Circuits previously de-
scribed in the literature generally involve the use of the more expensive 
types of vacuum tubes, complex circuits, and elaborate shielding. The 
equipment described can be used with almost any type of potentiometer 
and fairly sensitive galvanometer and can be made compact to form a 
portable unit. The structure and operation are so simple that the ap-
paratus is suitable for routine laboratory use 
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INTRODUCTION 
The previous papers in this series have described the derivatives of 
monosaccharides, namely, pentoses, mannose, galactose, fructose and glu-
cose. In this paper the alkylated products of compound sugars, both 
natural and synthetic, the complex carbohydrates, the glucosides, and mis-
cellaneous substances are described. 
The notations employed in the earlier papers are continued. Names 
given in italics indicate the principal description of that compound. The 
figures appearing in parentheses, other than those possessing degree signs, 
refer to the numbered bibliography. For the lack of space, the arguments 
as to configuration and proper classification have not been included, and 
in most cases the compound has been described exactly as found in the 
literature. The final paper of the series will include all the publications 
which have appeared since the earlier papers were written, up to the time 
of publication of the final paper. 
DISACCHARIDES 
Lactose 
Mention only of the important methylated derivative is made in 6, 7, 
8, 11, 58, 61, 134 and 246. If eptmnethyl methyl lactoside has a melting 
point of 77°-82° (10); 80° (69); 81°-82° (138) and 81.5°-82° (56). The 
minute colorless crystals, probably the beta-modification ( 10), are inactive 
toward buffered potassium permanganate ( 236), and is much faster acted 
upon by emulsin than tetra-methyl beta-methyl glucoside ( 69). For re-
fractive indices and rotations, · see 10, 56 and 138. The alpha-form is a 
colorless oil, of boiling point 210° at 1.1 mm. ( 10). From the lactoside 
may be prepared (102) an octamethyl rnethyl lactobionate, [a]n = +34° 
( 101), which is characterized by a bariurn s<tlt ( 102). This lac to bionic 
acid may be broken down to 2, 3, 5, 6-tetramethyl gamma-gluconolactone 
and 2, 3, 4, 6-tetramethyl galactose ( 102, 103, 146). The 2, 3, 6-trimethyl 
glucose and 2, 3, 5, 6-tetramethyl galactose are the scission products of 
heptamethyl methyl lactoside ( 10, 22, 35, 50, 88, 91, 98, 118, 138, 156). 
See also 206 and 210. A hexamethyl rnethyl lactoside has been mentioned 
(10). 
Sucrose 
Octwmethyl sucrose ( 1, 2, 17, 19, 39, 45, 49, 55, 64, 87, 131, 160, 221, 
226) does not exhibit inversion on hydrolysis with dilute acids as it should 
(13). This rate of hydrolysis has been studied (179). The octamethyl 
sucrose forms tetramethyl glucose and tetramethyl fructose on hydrolysis 
(8, 40, 50, 131, 160, 208, 210, 221, 229, 247), while the heptarnethyl siicrose 
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gives a 2, 3, 6-trimethyl glucose and a tetramethyl gamma-fructose (13, 
41, 42, 43, 44, 46, 78, 99, 100, 208, 210, 247). The care with which the 
scission products of sucrose should be examined has been emphasized in 
the introduction to a previous paper (208). 
The octamethyl derivative is a viscid syrup, b.p. 176° at 0.05 mm. 
(6, 7); 183° - 6° at 0.05 mm. (1, 2, 64, 87) and has a density at 20° of 
1.1406 (6, 7). Nn = 1.4588 (6, 7) and [a]n = +64.2° ~ +52° (water) 
( 1, 2, 64, 87). The heptamethyl derivative is a viscid syrup ( 6, 7), of 
boiling point 191.5° at 0.18 mm., and a density of 1.1654 (25°). The rota-
tion is +68.5° (methyl alcohol). 
It has been recently (247) claimed, however, that methylated sucrose 
(mixture of heptamethyl and octamethyl sucrose) gives a large number of 
hydrolysis products. 
Gentiobiose 
Methylated gentiobiose is mentioned in 95, and this compound served 
as a test substance for a new methoxyl micro-method (93). It is more 
accurately described as a beta-methyl heptamethyl gentiobioside (210). It 
has a melting point of 106° (64), does not reduce Fehling's (64), and has 
a reducing value of 12.1 if glucose is arbitrarily given (74) a value of 100. 
The rotation is stated (64, 238) to be [a]n = -33.9° (water). Tetra-
methyl glucose and 2, 3, 5-trimethyl glucose are the products of hydrolysis 
by dilute acids ( 57, 62, 111, 210). These are the same products as result 
from the hydrolysis of methylated maltose (92). 
Melezitose 
Methylated melezitose hydrolyzes to give 2, 3, 4, 6-tetramethyl gluco-
pyranose and trimethyl gamma-fructose (94, 109, 208, 210, 229). 
Maltose 
When maltose is methylated, octamethyl maltose (heptomethyl ~-methyl 
maltoside) is obtained ( 8, 11, 58, 97, 185). If acetoiodomaltose is methyl-
ated, the desired heptamethyl methyl maltoside is not obtained ( 12, 112), 
but a hexamethyl methyl gluco-arabinoside. A trimethyl glucose and a 
tetramethyl glucose result as the hydrolytic products (11, 12, 50, 92, 118, 
156, 205, 210), which are the same as result from methylated gentiobiose. 
The oxidation of maltose leads to an octamethyl maltobionic acid 
characterized by its methyl ester (75, 101, 103, 219). This ester may be 
prepared, furthermore, from maltobionic acid (75), trimethyl amylose, 
trimethyl glycogen and starch ( 219). Splitting of this methyl ester results 
in 2, 3, 4, 6-tetramethyl gluconic acid ( 75, 101, 103, 219). 
Octamethyl maltose is a colorless syrup, distilling at 189-191° /0.2 mm., 
( 1, 2, 75, 82, 111) ; 189-190° /0.09 mm., ( 64), soluble in light petroleum and 
water, and with a rotation variously stated between -f81.4 ° in water to 
+89.5 ° in alcohol and acetone ( 64, 241). 
Melibiose 
H eptamethyl a-methyl melibioside are crystals, melting at 122-123° 
( 95). H eptamethyl ~-methyl melibioside melts at 106-7°, and rotates 
+97.8° (water) (95). From this, may be prepared 2, 3, 4, 6-tetramethyl 
galactose and 2, 3, 4-trimethyl beta-methyl glucoside (95, 101, 204, 206, 
210, 244). Methyl octamethyl melibionate (101, 244) forms 2, 3, 4, 6-tetra-
methyl galactose and 2, 3, 4, 5-tetramethyl gluconic acid on hydrolysis. 
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Celwbiose 
Methylated cellobiose is discussed without mention of any physical 
properties in 22, 58, 61, 73, 105, 149, 177, 193, 211, 244 and 246. Dimethyl 
celwbiose and dimethyl cellobiose octoocetate have been described ( 187). 
A hepta-methyl benzyl oellobioside has been reported (174, 242) and also 
an octaethyl cellobiose ( 65, 105, 128 and 138). H eptamethyl celwbiose-
1-chlorohydrin is a colorless syrup. The principal alkylated derivatives, 
however, are the octamethyl and the heptamethyl cellobiose. 
Octamethyl celwbiose (244) may be prepared in the following ways: 
( 1) From heptacetyl methyl cellobioside ( 138). 
( 2) From diacetyl hexamethyl celwbiose ( 180). 
(3) Synthetically, by the combination of 1, 2, 3, 6-tetramethyl glucose 
and l-chloro-2, 3, 4, 6-tetramethyl glucose (173, 242). The 2, 3, 6-trimethyl 
glucose and 2, 3, 4, 6-tetramethyl glucose are formed on hydrolysis (22, 
25, 35, 50, 51, 118, 156, 202, 210). 
Physical properties of the octamethyl cellobiose are: 
B.P. MM. M.P. Rotation References 
190-200° .02 76-78° [a]» +9.0° (water) 64 
160-165° .08 86° [a]~~; -15.5° (water) 174 
156-160° .08 175 
86° [a] 19;°-15.7° (water) 138 
[a]~~; -16.2° (meth. ale.) 241 
165° .01 89-90° [a] 2~ -17.0° (water) 218 
87-88° 243 
The x-ray diagram of this compound has been studied (128). The reduc-
ing value has been determined (74, 111) as 20.2 if glucose is 100. The 
methoxy groups may be conveniently determined by a simple micro-method 
( 93). The octamethyl cellobiose which is the beta-form, may be oxidized 
(101, 244) to methyl octamethyl celwbionate. See reference (103) for a 
description of this compound. 
The heptamethyl celwbiose may be prepared (174, 242) from the octa-
methyl cellobiose. It consists of needles, m.p. 105-110°, of rotation +40° 
in water (174). The boiling point is reported to be 180-185° at 0.1 mm. 
(242). 
Methylated celloside (cellobioside) is said (24, 39, 225, 237) to give 
2, 3, 5, 6-tetramethyl glucose and 2, 3, 6-trimethyl glucose. 
Trehawse 
The rotation of the octa.methyl derivative is given as [a] !~s = +52° 
(3% methyl ale.) (174, 176). 2, 3, 4, 6-Tetramethyl glucose is the hydro-
lytic product ( 170). 
Turanose 
This disaccharide forms an octamethyl derivative (94, 208). Tri-
methyl fructose results from this on hydrolysis and this, in turn, forms 
dim.ethoxyhydroxy glutaric acid (94). 
Synthetic Disaccharides 
The preparation of 1-~-methyl heptamethyl-6-a-glucosido-glucose, [a]» 
+93.1° in water, has been described (238). 4-Glucosido-mannose (210, 
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216) forms heptamethyl-4-~-glucosido-a-methyl rnannoside (209, 210, 214) 
of boiling point 177-1S0° ( 216) and rotation +2S0 in water. This com-
pound may be broken up to tetramethyl glucose and trimethyl mannose. 
The 4-glucosido-mannose may be oxidized to 4-glucosido-mannonic acid, 
and when this is methylated, methyl octamethyl-4-glucosidomannonate is 
produced. This consists of square plates, melting at US0. 
The analogous galactose compound, 4-galactosido-mannose will give 
4-galactosido-mannonic acid and this, in turn, will methylate to methyl 
octamethyl galactosidomannoriate (a bionic ester). This has been broken 
down to the hydrolytic products. H eptamethyl-4-~-galactosido-a-methyl 
mannoside is a colorless viscid syrup, boiling at 170° /0.02 mm. (209, 210, 
214). 
Miscellaneous Disaccharides 
Derivative Remarks 
Difructose anhydride Hexamethyl ester 
Dimethyl diketose 
Hexamethyl biosan Gives 2, 3, 6-trimethyl glucose 
Tetramethyl biosan 
Hexamethyl amylobiose Scission products 
Hexamethyl methyl 
glucoarabinose 
Disaccharide from Non-reducing 
2, 3, 5, 6-tetra-
methyl galactoside 
TRISAOCHARIDES 
Cellotriose 
References 
244 
250 
79, 12S, 137 
210 . 
163 
S9, 209, 210 
205, 210 
206 
D.ecamethyl beta-methyl cellotrioside (210, 212, 213, 237, 241, 244) 
may be prepared by the acetolysis and methylation of cellulose (175). On 
hydrolysis, it breaks up to give tetramethyl glucopyranose and 2, 3, 6-
trimethyl glucose (218). The melting point is given as U5° (174, 176); 
117° (242); U7-S0 (21S); us· (175). It distils at 216-220°/0.0S mm. 
(174, 175, 176). Its rotation in sodium light in methyl alcohol at lS0 is 
-14.5° (21S). See 174, 175 and 176 for rotations in other solvents. 
Maltotriose 
The hendecamethyl derivative has been mentioned (213, 241). 
Raffinose 
H endecmnethyl raffinose is a viscid syrup ( 43, 44), distilling at 23S-
2400 at 0.02 mm., with Nn = l.46SO and [a]n = +12S.4° (water). Nor-
mal tetramethyl galactose (2, 3, 4, 6), 2, 3, 5-trimethyl glucose and 1, 3, 
4, 5-tetramethyl y-fructose are scission products, ( 43, 44, 95, Ul, 206, 20S, 
210). 
TETRASACCHARIDES 
Cellotetrose 
Along with the triose compound, tridecamethyl ~-methyl cellotetroside 
(210, 212, 213, 237, 241, 244) is said to be formed during the simultaneous 
acetolysis and methylation of trimethyl cellulose (21S). It is also possible 
that it might be a methylated cellodextrin. In physical properties it is 
said to consist of irregular prisms, melting point 139° (175); 151-2° (21S), 
with a boiling point of 265-275° at 0.1 mm. The rotation is [a] 1i= -10° 
(water) (218). 
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Maltotetrose 
A tetradecamethyl compound has been described (213, 241). 
POLYSACCHARIDES 
Starch and Glycogen 
Space does not permit the recording of the many patents covering the 
alkyl and aralkyl ethers of starch and glycogen. Methods of alkylation 
will be found detailed in 120, 130 and 143. Constitutional studies will be 
found in the references 155, 189, 191 and 192. Methylated starch or glyco-
gen are discussed in 21, 24, 72, 83, 96, 107, 113, 143, 172, 213, 241 and 246. 
Dimethyl starch is stated (120) to have a rotation of +143° in chloro-
form. Tetramethyl starch is said (38, 39) to be easily soluble in cold water, 
alcohol and many other organic solvents. Its molecular weight in water 
and phenol appears to be between 900-1200 ( 38). 
Trimethyl starch is the best known compound. It is a white powder, 
does not reduce Fehling 's solution, and is soluble in the usual organic sol-
vents (157). It has a melting point of 145° (120); 147° (157) and rotates 
+208° in chloroform at 20° (120, 157). On oxidation, methyl octamethyl 
maltobionate is formed ( 219). 
On hydrolysis, trimethyl starch or glycogen produces a 2, 3, 6-trimethyl 
glucose (50, 56, 58, 61, 107, 155, 157, 209, 210 and 219) and a dimethyl 
glucose (28, 32, 33, 120, 143, 159). It is claimed (256) that glycogen acts 
in a different manner toward methylating and acetylating agents than does 
starch. 
Xylan 
Xylan, treated with dimethyl sulfate and sodium hydroxide, forms a 
mixture of monomethyl xylan, dimethyl xylan, and unmethylated xylan 
(154). Acetyl methyl xyla!n has been described (198). Dimethyl xylan 
(30, 52, 205) is a white solid, [a]n = -92° (chloroform), insoluble in 
water, stable to alkali and non-reducing (154). Haworth and Percival 
( 220) give its preparation. Tasuku ( 198) finds its rotation to be -94.1°. 
A methylated bionic acid derivative may be obtained (220), which further 
leads to a methyl ester of hexamethyl dixyla-bionic acid (220). 
Levan 
Levan, considered as a 2, 6-anhydrofructofuranose (225), is the result 
of the metabolism of Bacillus mesentericus (226). From it may be pre-
pared a trimethyl levan, which results in 1, 3, 4-trimethyl fructose (208) 
on hydrolysis. Yucca dilevan is said to form 3, 4, 6-trimethyl h-fructose 
(232). 
Inulin 
Methylated inulin is mentioned in 36, 72, 114, 140, 155, 167 and 253. 
The partial methylation of inulin results in a dimethyl inulin (17, 
140), of a levo rotation, and is described as a colorless amber syrup, be-
coming brittle on drying at 100° C. (17). It gives an opalescent solution 
in hot water, and, on hydrolysis, leads to the formation of a dimethyl 
gamma-fructose ( 32, 33). The dimethyl inulin may be further treated 
with methylating agents to give a levo or dextro trimethyl inulin (17, 37, 
40, 42, 121). Trimethyl gamma-fructose is the hydrolytic product result-
ing from the scission of this trimethyl inulin (17, 32, 33, 37, 40, 42, 50, 
87, 107, 119, 121, 155, 162, 169, 208). The properties of the trimethyl 
124 HAROLD W. COLES 
inulin are described by Karrer and Lang (23), and by Irvine and Steele 
(17). The latter authors describe it as a colorless syrup, soluble in alcohol, 
chloroform, and sparingly soluble in ether. These solubilities are support-
ed by (38), who further add that the product is more soluble in cold water 
than in hot. The melting point is recorded as 138°-140° (121, 258). The 
rotation is stated to be [a] 1~ = +50.34° (alcohol.) (17) and [a]~= -50.2° 
(Bz) (121). See (114) for mention of triethyl inulin. 
Amy lose 
Methylated amylose (209, 210) is said to give a tetramethyl glucose 
(245) and 2, 3, 6-trimethyl glucose (161). Trimethyl amylose may be 
converted to methyl octamethyl maltobionate (219). The action of thionyl 
chloride on methylated alpha-tetra-amylase ([a]n = +152°) is discussed 
(161). Hexa-[trimethyl amylase] (161) and tetra-[dimethyl amylose] 
(26, 161) are mentioned. 
Cellulose 
Trimethyl cellulose is mentioned, but not described, in references 4, 
5, 9, 10, 14, 16, 17, 22, 29, 31, 38, 42, 47, 48, 51, 59, 60, 63, 66, 67, 72, 
77, 79, 80, 83, 84, 88, 96, 104, 107, 110, 113, 115, 116, 123, 125-7, 132, 134, 
137, 144, 145, 148, 150, 152, 158, 161, 164, 166, 171, 172, 1'82, 186, 194, 
196, 197, 200, 213, 224, 241, 244, 246, 251, 252, and triethyl cellulose in 
105, 106, 128, 132, 164, 171, 186, 197 and 251. The references given do 
not include the many patents on alkylated and aralkylated celluloses which 
may be found in the recent patent literature. A review of some recent 
patents and literature on new derivatives of cellulose may be found in the 
series of articles by Trotman (199), Mullin (251, 252), Montonna (Paper 
Trade J., 86: 61-70 (1928), and by Stark (259). 
For the methylation and ethylation methods, see the following: 
(1) General-4, 130, 139, 141, 147, 187, 217, 223, 251, 252. 
(2) Copper-ammonium cellulose-68, 251, 252. 
(3) Viscous cellulose-68, 251, 252. 
( 4) Cellulose dextrin-68. 
Complete information on the xray studies of alkylated cellulose may be 
found in 127, 128, 168, 183, 188, 222 and 235. The chemistry of the im-
portant methyl derivatives is discussed in 124, 155, 192, 201 and 235. The 
action of ultra-violet light on cellulose derivatives is given in 254. 
Some of the less common alkylated derivatives of cellulose are: 
(1) Dimethyl cellulose (68, 145, 200). 
Color reactions with zinc chloride and iodide are discussed 
(135). 
(2) Diethyl cellulose (135). 
(3) Mionomethyl dicellulose (133, 187, 209). 
This compound, prepared from sodium cellulose diethiocar-
bona te ( 165) , exhibits no viscous reactions. 
(4) Monomethyl cellulose (68). 
( 5) Dimethyl hydrocellulose ( 68). 
( 6) H ydroxymethyl cellulose ether ( 231). 
( 7) B enzyl cellulose ( 228). 
This compound is now on the market. 
Numerous derivatives are described in patents. Cellulose was the first 
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carbohydrate methylated by the dimethyl sulfate method (51). Simul-
taneous acetolysis · and methylation of trimethyl cellulose (218) gave a 
mixture: (a) Tetramethyl methyl glucopyranoside, (b) Heptamethyl 
~-methyl cellobioside, (c) methylated cellodextrin and (d) Hendecamethyl 
cellotriose. Some tetramethyl methyl glucopyranosides are probably secured 
in addition to trimethyl methyl glucosides when trimethyl cellulose is hydro-
lyzed (245), but there is no doubt but that 2, 3, 6-trimethyl glucose is the 
only trimethyl glucose secured from completely methylated cellulose (9, 
18, 20, 21, 22, 28, 32-35, 51, 56, 58, 61, 71, 108, 110, 117, 119, 136, 142, 
151, 153, 155, 159, 209, 210, 217, 219, 224, 245). 
Trimethyl cellulose 
Methylated cotton is a white, friable powder which still preserves the 
fibrous nature of the original material ( 90, 108). It forms with cold chloro-
form and acetylene tetrachloride, a highly viscous clear solution, insoluble 
in water, alcohol, ether, acetone, and other solvents. It exhibits a change 
of dispersion in chloroform and tetrachlorethane ( 90, 117, 195, 222). The 
theoretical methoxyl content is 45.5% (14), but the highest obtained is 
that of 44.7% after 26 methylations (117, 141). Trimethyl cellulose is 
not identical with 2, 3, 6-trimethyl glucose anhydride in any respect (212). 
The products of hydrolysis of the repeatedly methylated cellulose included 
mono-, di-, and trimethyl glucoses (27). A xanthate with sodium hydrox-
ide and carbon disulfide is formed by the product of the second methylation 
(4). Representative rotations (benzene) are: -18.5° (20°) (105); 
-18.37° (20°) (129); -18° (120); -18.58° (21°) (176). The methylated 
cellulose is said (135) to give distinctive color reactions. In an ether solu-
tion of hydrochloric acid, a 2, 3, 6-trimethyl-1-chloroglucose is formed which 
is recognized by a readily crystallized pyridium salt ( 117). 
Triethyl cellulose 
This alkylated derivative of cellulose has the same solubilities as the 
methyl compound (147), and exhibits the same change of state of dis-
persion in certain solvents (222). It is stated (147) that cellulose cannot 
be ethylated (234) in the presence of pyridine or magnesium hydroxide 
by the ethyl chloride method. The ethyl cellulose is stable in hot alkali 
solution ( 14 7). The viscosity has been measured ( 233). It is possible to 
prepare the acetylated derivative from the ethylated cellulose ( 15). Tri-
ethyl cellulose exhibits a rotation of +49.1° ( 105) and +49.4 ° ( 127) in 
pyridine, and +26.7° in benzene (127). The substance practically melts 
at 260°, and then decomposes slowly. 
Cellan 
Methylated cellan is claimed to give 2, 3, 4, 6-tetramethyl glucose. 
C ellodextrin 
The composition of this substance is in doubt. The physical properties 
indicate the possibility of it being a tridecamethyl cellotetrose. It consists 
of irregular prisms, melting at 151-2° (218). [a]1~ -10° (water). 
Gluco-H eptose 
A methylated gluco-mannan may be prepared by the action of alky. 
lating agents on Konjak (190). The 2, 3, 4-trimethyl glucose and 2, 3, 
6-trimethyl mannose are scission products (210). 
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ALKYLATED HEPTOSES 
Sedosan 
Sedosan, when methylated, forms a tetmmethyl sedosan (184). When 
this is treated with nitric acid, optically inactive trimethoxyglutaric acid 
is formed. 
Gluco-H eptose 
From 3-methyl glucose, by the cyanohydrin synthesis, 4-methyl gluco-
heptose may be prepared (248). The sugar has an indefinite melting point, 
and its rotation at equilibrium is -15° in water. It may be oxidized to 
4-methyl glucoheptonic acid (70) which, when allowed to stand in water 
forms only a 5-ring lactone ( 86). The 4-methyl glucoheptonic lac tone may 
be identified by its osazone, m.p. 160° (248). 
A beta-pentamethyl a-glucoheptose has likewise been announced (215, 
248). The transparent monoclinic prisms melt at 84 °. As a syrup it boils 
at 157°/0.18 mm. The optical rotation at equilibrium is -42.5° (215); 
-44.5° (248). It reduces Fehling's solution. 
A pentamethyl beta-methyl alpha-glucoheptoside, non-reducing, has 
been prepared as a colorless oil, levo-rotatory, and with a refractive index 
of N~= 1.4487 (215). The corresponding lactone, 2, 3, 4, 6, 7-pentamethyl 
a-glucoheptmiic lactone, is crystalline, melting at 83°, and with an equi-
librium rotation of +9.4° (38 hours). This lactone may be broken down 
to methyl i-dimethoxysuccinate, m.p. 68°. 
GLYCOSIDES 
Mention of the following methylated derivatives may be found in the 
literature. 
Derivative 
Tetramethyl indican 
Monomethyl lichenin 
Dimethyl salicin 
Pentamethyl salicin 
Pentamethyl arbutin 
Monomethyl chitosan 
Methylated aesculin 
Methylated sinistrin 
Paullinia tannin 
Vegetable ivory 
Remarks 
2, 3, 6-trimethyl glucose 
Prisms, m.p. 122° 
Tetramethyl glucose 
Yellow glass, solubilities 
References 
40, 210 
59, 71, 72, 210 
6, 7 
3 
54, 210 
187 
210, 227 
208 
210 
207 
The literature of the heart specific glycosides, which contain naturally 
occurring alkylated carbohydrates of debatable structure, will be discussed 
in the final paper of the series. 
Amygdalin 
Amygdalin, after methylation (95, 210 ) , may be broken down to a 
2, 3, 4, 6-tetramethyl glucose and a 2, 3, 5-trimethyl glucose (28, 53). The 
heptamethyl amygdalinic acid methyl ester has a melting point of 91° ( 64, 
81) and exhibits a rotation of -49.3°. It is almost insoluble in water. 
Name 
Methylated bornyl 
d-glucuronide 
MISCELLANEOUS 
Remarks 
d-dimethoxysuccinic and 
i-xylotrimethoxyglutaric acid 
Reference 
230 
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Methylated theophyllin 
1-arabinoside 
Trimethyl N-methyl 
adenosine HCl 
Methyl trihexosan 
Methylated dihydro-
sphingosine 
d-arabotrimethoxyglutaric acid 
Gives 2, 3, 5-trimethyl ribose 
Doesn't reduce Fehling's 
230 
249 
85,96,122,120 
206 
Methylated or ethylated mesquite gum results (239) in the formation of 
the partially alkylated lactone of methoxy d-glucuronic acid combined with 
three molecules of d-galactose. 
The methylation of gum arabic (203) results in the preparation of 
methyl heptamethyl aldobionate (the methyl ester of hexamethyl glucu-
ronosidomethyl galactoside). See the original paper for physical and 
chemical characteristics of both the alpha and beta forms of this substance. 
2, 3, 4-Trimethyl glycuronic acid is the hydrolytic scission products. 
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INTRODUCTION 
Many references dealing with alkylated carbohydrates have been col-
lected since publication of the earlier papers of this series. In this, the 
last of the series, these later references are summarized and brought up 
to the date appearing under the title. Only the new compounds, which were 
not described previously, are italicized and, as before, signify the principle 
description of the compound. The author's nomenclature is retained un-
less otherwise stated, and whenever there is any doubt as to the structural 
position of the alkyl groups, the compound is described under the several 
headings in question. 
TRIOSE, TETROSE AND PENTOSE DERIVATIVES1 
TRIO SES 
Glycerol 
Papers have been published within the last year on various monomethyl 
ethers (30, 54, 69 . 79, 89, 100), dimethyl ethers (18, 30, 42, 54, 100, 101, 
115, 134) and trimethyl ethers (19, 47, 54). The a, ~-dimethyl glycerol 
was prepared pure for the first time ( 54) by the action of dimethyl sulfate 
on sodium glyceroxide. The a, y-dimethyl glycerol was not fermented by 
a selected group of organisms ( 42). Diethyl glycerin ( 54, 100) and mono-
ethyl glycerin (54) have been prepared. The 3-methyl ether of glycerin-
aldehyde, prisms, melting point 120-1°, may be used (79, 89, 102) for the 
preparation of the 3-methyl ether of dihydroxyacetone. Previous litera-
ture in this field has been discussed ( 100). 
Diphenyl Triose 
A monomethyl ether of a diphenyl triose, which may be described as 
alpha-hydroxy-beta-methoxy-beta-phenylpropiophenone, has been briefly 
described ( 80). 
TETRO SES 
It is said (72) that probably a dimethyl tetrose is formed by the action 
of alkali on the trimethoxy-urethanes produced when the isomeric arabo-
namides are treated with alkaline hypochlorite. 
Siiccinic Acid Derivatives 
Dimethoxy succinic acid is the degradation product of 2, 3-dimethyl 
methyl glucoside ( 123), 2, 3, 4-trimethyl glucuronic acid ( 86), pentamethyl 
a-glucoheptono-1>-lactone (59) and methylated bornyl d-glucuronide (84). 
This dimethoxysuccinic acid may be identified as the diamide ( 84, 86, 123). 
iiowa State College J. of Science 5:61-69 (1931) 
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The methyl amide of inactive dimethoxysuccinic acid has a melting point 
of 208° (59). 
PENTOSES 
Rhamnose 
Gamma-monoacetyl-3, 4-dimethyl methyl rhamnoside, which is unstable 
in acid solution, results in trimethyl methyl rhamnopyranoside, distilling 
at 79°/0.02 mm., and with N~6= 1.4440 (58). The 2, 3, 4-trimethyl 
rhamnonic acid has been mentioned ( 33), and the conductivity of trimethyl 
rhamnonolactone studied ( 32, 76). The physical characteristics of 1-2, 3, 
4-trimethyl rhamnonolactone (m.p. 40-4°) and l-2, 3, 5-trimethyl rhamn-0no-
lactone (m.p. 75-76°) have been determined (35, 36). The 5-methyl rham-
nose phenylhydrazone ( 65) melts at 163-4 °. 
Ribose 
The trimethyl ribose from adenosine differed from the trimethyl 
d-ribose derived from the normal methyl d-riboside and hence did not 
possess the pyranose structure ( 133). Ribose derivatives are: 
(a) 2, 3, 4-Trirnethyl methyl riboside ( 76). 
A mobile liquid, boiling point 54°/0.05 mm., with [a]ii4-35° (H20). 
(b) 2, 3, 4-Trimethyl ribose (76, 158). 
Melts at 85°; rotation at 27° is -40° (final) . Prepared from (a) (76). 
(c) 2, 3, 4-Trimethyl delta-ribonolactone (38, 76). 
Prepared from trimethyl arabonolactone by the process of epimeriza-
tion ( 38) or from ( b) ( 7 6). Its rate of hydrolysis is similar to that of 
trimethyl delta-rhamnonolactone (76). The boiling point is 93-95°/0.05 
mm., and rotation +85.4 ° (benzene). Oxidation results in i-ribotrimetho-
xyglutaric acid, identified as the dimethyl ester, b.p. 77-78°/ 0.02 mm., 
which is identical with the product secured from tetramethyl sedosan (38). 
( d) 2, 3, 5-Triniethyl ribose ( 132, 153, 158). 
The hydrolytic product of methylated guanosine (132) and adenosine 
( 153, 158). The substance boils at 90-92° at .02 mm., and rotates +51.6° 
in water at 26° C., and +41.4° in absolute alcohol. From this ribose may 
be prepared dimethyl i-dimethoxysuccinate (m.p. 68°) (132, 153) which 
is the same as the preparation from mesotartaric acid. 
( e) 2, 3, 5-Trimethyl y-ribon-0lactone ( 153). 
Boiling point is 110-115° at 0.2 mm.; Nii6•5 = 1.4501. 
Ly:wse 
Trimethyl lyxoses ( 33) are prepared ( 78) by the epimerization of 
the corresponding trimethyl xyloses. Dextro-2, 3, 4-trimethyl lyxono-
lactone ( 35) is a liquid, +35.5 ° (water), -87° (ether) ( 36), giving a 
d-trimethoxyglutaric acid dimethyl ester (56, 76) when treated with nitric 
acid. The corresponding dextro-2, 3, 5-trimethyl lyxonolactone (35) has 
a melting point of 44°, rotating + 82.5° (water) (36), and is similar to 
the trimethyl gamma-ribonolactone in rate of hydrolysis (153). A tri-
methyl lyxonic acid brucine salt is reported (56). 
Ar.abinose 
Sodium 2, 5-dirnethyl d-arabonate was found not to be fermented by 
certain organisms ( 42). Derivatives of 2, 3, 4-trimethyl 1-arabinose 
< 1, 5 >, the normal form, which have been described recently, are : 
(a) 2, 3, 4-Trimethy 1 l>-arabonolactone ( 37) . 
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Needles, m.p. 45° (23, 36, 97), hygroscopic in the liquid form, with 
an optical rotation of +180° (65), +rn1° (H20) (36). Conductivity 
measurements have been reported ( 32, 35). The lactone is polymerized 
by hydrochloric acid (23, 97) to give the compound melting at 135-138°. 
As shown in the earlier paper, it results in trimethoxyglutaric acid (76). 
(b) 2, 3, 4-Trimethyl arabonamide. 
This substance melts at 96°. It exhibits a dextro-rotation of +35.5° 
(alcohol) and +25.7° (water). .Alkaline hypochlorite produces trimeth-
oxyurethanes. 
( c) Trimethylarabonic acid brucine salt ( 78). 
( d) Tri methyl beta-methyl 1-arabinoside. 
A melting point of 81-82° and rotation of +158° at 25° is recorded. 
( e) 2, 3, 4-Trimethyl alpha-methyl l-arabinoside. 
This derivative melts at 44° (23), 46-46.5° (78) with a rotation of 
+25° ( 65). It is not fermented by certain organisms ( 42). 
The 2, 3, 4-trimethyl 1-arabinose < 1, 5 > is given a melting point of 
81-82° (78), with [a] ;,s = +158.0° (78). Fermentation properties have 
been published ( 42). A detailed account of the preparation of this sugar 
is given by Neher and Lewis (78). 
The following derivatives of 2, 3, 5-trimethyl arabinose have been re-
ported lately: 
(a) 2, 3, 5-Trimethyl ambonamide. 
M.p. 132°; [a]n = +19.3° (alcohol) (72). Results in trimethoxy· 
urethanes when treated with alkaline hypochlorite. 
(b) 2, 3, 5-d-Trimethyl gamma-arabonolactone <1, 4> (107). 
This compound [a] n = +44° (24) can be transformed to trimethyl 
delta-ribonolactone by the process of epimerization, but with difficulty ( 38). 
The arabonolactone may be prepared from trimethyl 2-keto gluconic acid 
(107), or from tetramethyl y-fructose (24). It gives rise to 1-dimethoxy 
tartaric acid ( 107). 
(c) 2, 3, 5-Trimethyl 1-arabonolactone (37, 107). 
Melts at 33°; [aJn = --9° (chloroform); -44° (water) (36). See 
(32, 35) for conductivity measurements. May be prepared from the parent 
sugar, 2, 3, 5-trimethyl arabinose (36). 
Xylose 
The epimerization of trimethyl xylose to the corresponding lyxose 
compound has been successful (78). The oxidation of normal derivatives 
of trimethyl xylose is said to give trimethoxyglutaric acid in every case 
(76). 
Alkylated xylose compounds mentioned in recent literature are: 
(a) 2, 3, 4-Trimethyl xylopyranose (normal) (107). 
A very pure sample has a rotation of +17.8° in water (56) and +21.3° 
(methyl alcohol). It melts at 90-92°. The sugar can be prepared from the 
methyl ester of hexamethyl dixylobionic acid ( 62). On oxidation it forms 
(b) 2, 3, 4-Trimethyl xylonic acid (56). 
This acid may be separated from the corresponding lyxonic acid by 
fractional crystallization of their brucine salts ( 56). 
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( c) 2, 3, 4-Trimethyl ~-methyl xyloside. 
Certain organisms were not capable of fermenting this sugar ( 42). 
(d) 2, 3, 4-d-Trimethyl ~-xylonolactone (32, 35). Melts at 56°; 
[a] 0 = -+-9° (chloroform) (36). 
(e) 2, 3, 5-Trimethyl xylose (42). 
(f) 2, 3, 5-Trimethyl gamma-methyl xyloside (42). 
(g) 2, 3, 5-Trimethyl xylonic acid (62). 
(h) 2, 3, 5-Trimethyl xylono phenylhydrazide. The melting point 
is given as 88° (62). 
(i) d-2, 3, 5-Trimethyl y-xylonolactone (35, 36, 107). 
Obtained by hydrolysis of the methyl ester of hexamethyl dixylobionic 
acid (62). It is a pale yellow syrup, distilling at, 80-90°/0.05 mm. 
Nii6 = 1.4450, and [a]ii7 = +10· (20 days-water) (62). See (32) for 
conductivity measurements made on this lactone. 
Glutaric Acid Derivatives 
Inactive-xylotrimethoxyglutaric acid is the result of the oxidation of 
methylated bornyl d-glucuronide ( 84), tetramethyl delta-gluconolactone, 
and 2, 3, 4-trimethyl glucose (51, 107). No xylotrimethoxyglutarate could 
be recognized in the oxidation products of 2, 3, 4-trimethyl glucuronic acid 
( 86). The alkylated inactive glutaric acid may be identified by its diamide 
or by its methyl amide (m.p. 167-168°) (51). 
The d-arabotrimethoxyglutaric acid can be isolated from the degra-
dative products of methylated theophyllin 1-arabinoside (84), and of tri-
methyl fructuronic acid (107). It is recognized from its crystalline diamide 
(84). The I-form is one of the products produced by the oxidation of 
pentamethyl a-glucoheptono-~-lactone ( 59), and the crystalline methyl 
amide (m.p. 171°; [a]ii9 = +60°) serves to identify the 1-arabotrimetho-
xyglutaric acid ( 59). Octamethyl turanose ( H. Urban-Cellulosechemie 
7 :73-81 (1926) is hydrolyzed to 1, 3, 4-trimethyl fructose which, in turn, 
leads to dimethoxyhydroxy glutaric acid, rotating at +34.5°. 
Inactive-ribotrimethoxyglutaric acid is recognized from the dimethyl 
ester (76) which distils at 77-78°/0.02 mm. It results, too, when tetra-
methyl sedosan is oxidized. 
Further descriptions of the trimethoxyglutaric acids will be found in 
the text throughout this paper. 
GALACTOSE DERIVATIVES 
(Iowa State College J. of Science 5 :71-75 (1931) 
Monomethyl Ga"lactoses 
It is claimed (141) that the 4-methyl d-galactose of Pacsu and Lob 
(29) is probably a 2-niethyl galactose. The 4-methyl d-galactose (33, 141) 
melts at 118°, and exhibits an optical rotation of +67.8° (3 hrs.-water) 
(29) at 18° C. It forms an osazone, m.p. 194-5° (decomp.) (29). A 
5-monomethyl galactosazone is mentioned ( 65). Monomethyl d-galactose 
benzyl mercaptal is reported to melt at 130-131°, and has a rotation of 
[a):,3 -27.55° (pyridine) (29). Diacetone-6-methyl galactose was not 
fermented by a selected group of organisms (42). The 6-methyl galactose 
is said to melt at 128° (29, 65). It forms a 6-methyl galactosazone, the 
melting point of which is variously reported as 177° (65) and 204-5° (29). 
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Trimethyl Gal4ctoses 
Those reported in the recent literature are the following: 
(a) 2, 3, 4-Trimethyl gal4ctose. 
A syrup which reduces Fehling's, N ~· = 1.4724, and [a]~0 = +83° 
(water) ( 50). Forms 2, 3, 4, 6-tetramethyl galactose. 
(b) 2, 3, 4-Trimethyl delta-gal4ctonolactone. 
A viscid syrup. Prepared from (a). 
( c) 2, 3, 4-Trimethyl galactose phenylhydrazide. 
From (b). Needles melting at 165-7° (50). 
(d) 2, 3, 4-Trimethyl mucic acid (50). 
Forms a dimethyl ester, plates, neutral to litmus of melting point 98" 
(50); 165-6° (13). 
( e) 3, 4, 6-Trimethyl monoacetone galactose. 
Doesn't reduce Fehling's. [a];0 = -31.4° (meth. ale.) (74). 
(f) 3, 4, 6-Trimethyl galactose. 
A reducing liquid of [an° = -4.3° (meth. ale.) (74). 
(g) 3, 4, 6-Trimethyl delta-galactonolactone. 
Sodium salt - [an5 = +29.4° (water) (74). 
Tetramethyl Galactoses 
Derivatives containing four alkyl groups are described as follows: 
(a) 2, 3, 4, 6-Tetramethyl delta-galactose. 
Preparation of this sugar has been successfully accomplished from 
methylated manninotrionic acid (140), methyl octamethyl galactosidoman-
nonate ( 57), and 2, 3, 4-trimethyl galactose ( 50). The melting point is 
68-69° ( 57). 
(b) 2, 3, 4, 5-Tetramethyl mucic acid. 
Dimethyl ester - m.p. 103°; diamide - m.p. 276° (13). 
( c) 2, 3, 4, 6-Tetramethyl galactose anilide. 
The melting point is 193° (140), 195-6° (57). 
(d) 2, 3, 4, 6-'retramethyl a-methyl galactoside (107). 
Additional publications report the rotation to be [a]~2 +96.5 (72) 
and +143.4° (65). 
( e) 2, 3, 4, 6-Tetrmnethyl ~-methyl galactoside. 
Prepared from 2, 3, 4-trimethyl galactose (50). The product melts 
at 44-5° (50) and [a]» = +20° (water) (50) and +30.7° (65). 
(f) d-,'J, 3, 4, 6-1'etramethyl galactonolactone. 
A liquid, +143° (65); +153° (water) (35, 36); +25° (17 hrs.) (72). 
(g) d-2, 3, 4, 6-Tetramethyl galactonoamide. 
Results from (£). M.p. is 120°, [a]» +37.9° (72). 
(h) d-2, 3, 5, 6-Tetramethyl galactonolactone (35, 36, 72). 
(i) 2, 3, 5, 6-Tetramethyl methyl galactofuranoside (72). 
(j) d-2, 3, 5, 6-Tetramethyl galactonoamide. 
Melts at 153° (decomp'n.); [a]» +6.53° (water) (72). 
MANNOSE DERIVATIVES 
(Iowa State College J. of Science 5 :77-83 (1931) 
Monomethyl Mannoses 
3-Methyl glucose and 3-methyl :fructose can form 3-methyl mannose 
through their common enol form (135). The 4-methyl mannose has been 
mentioned (29, 33). Pacsu (141) discusses the question of the 4-mono-
methyl mannose reported by him (28) and concludes that it must be a 
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2-methyl mannose. Assuming that Pacsu's (28) 4-methyl mannose com-
pounds are, in reality, 2-methyl mannose compounds, he mentions in his 
paper: 
(a) 2-M ethyl mawrwse. 
A colorless thick syrup. [a]~0 =+7.38° (water) (28). 
(b) 2-Miethyl-d-mannose hydraz<me. 
Colorless needles, m.p. 179° (28, 65). 
( c) 2-M,ethyl d-mannose dibenzyl mercaptal. 
A thick syrup, recrystallized m.p. 188°, easily soluble in pyridine 
and hot alcohol. [a] ii0 = -106.62° (pyridine). 
( d) 2-Methyl monoacetone d-mannwe diethyl mercaptal. 
A thick uncrystallizable syrup. 
Trimethyl Miatnnoses 
A 4, 5, 6-trimethyl-2, 3-monoacetone d-mannose diethyl mercaptal, a 
syrup, is mentioned in the literature ( 28), but its structure is questionable. 
Heptamethyl beta-glucosido-a-methyl mannoside, on hydrolysis, results in 
2, 3, 6-trirnethyl man nose ( 57, 60), a viscid syrup, showing a rotation of 
+6° in water at 18°, and N;6 = 1.4750. This sugar gives rise to an anilide, 
needles, m.p. 126-7° (57), 127-8° (60) and to a 2, 3, 6-trimethyl mann<mic 
acid, isolated as the lact<me ( 45, 57, 60), possessing a melting point of 89°. 
Methylated glucomannan, on scission, gives rise to 2, 3, 4-trimethyl m.anno-
saccharic acid ( 45) . 
Tetramethyl Mannoses 
Mannose and its oxidative products as well as the alkylated derivatives 
have been the subject of much study recently, particularly with regard to 
structural questions (34). Much of the work has been concerned with the 
tetramet.hyl derivatives. These are: 
(a) 2, 3, 4, 6-Tetramethyl mannose <1, 5> (31, 35, 57, 65, 71). 
This sugar is unfermentable by certain organisms ( 42) and can be 
transformed to tetramethyl glucose by epimerization ( 35, 56). 
(b) 2, 3, 4, 6-Tetramcthyl mannose anilide. 
A melting point of 142-3° (31, 57, 60) is reported. Its mutarotation 
has been studied ( 91). 
(c) 2, 3, 4, 6-Tetramethyl mannose phenylhydrazide (31). 
(d) 2, 3, 4, 6-Tetramethyl methyl mannoside <1, 5> (55, 65, 107). 
The alpha-form has a melting point of 38-40°, and the beta-form of 
36-37° (31, 57); 35-60° (57, 60). The alpha-form rotates +43° (31, 35, 57) 
and the beta-form gives -80° (31, 35, 57). The sugar is not fermented 
by a selected group of organisms ( 42) . The sugar is prepared from the 
mother sugar (75) or from a-d-methyl mannoside. 
(e) 2, 3, 4, 6-Tetramethyl delta-mannonolactone (71, 76). 
Obtained from oxidation products of 2, 3, 4, 6-tetramethyl mannose 
(31, 35, 75). Produces d-trimethoxyglutaric acid on degradation (35) and 
tetra methyl gluconolactone by epimerization (31). The melting point is 
38-40° ( 36). 
(f) 2, 3, 5, 6-Tetramethyl gamma-mannonolactone (98). 
Prepared from (1) 2, 3, 5, 6-tetramethyl mannofuranose (35); (2) 
methyl octamethyl galactosido-mannonate (57); (3) mannose diacetone 
(35) ; ( 4) and from d- and 1-deltamannonolactone (which indicates a change 
in the lactone bridge) ( 90). The lactone is said to have a melting point 
of 106-7° (36), 108° (60), 108-9° (57) and a rotation in water of +63° 
(57)' 65° (36). 
THE LITERATURE OF ALKYLATED CARBOHYDRATES 
(g) 2, 3, 5, 6-Tetramethyl mannofuranose (33). 
[a]= +43° (equil.) (35). 
(h) 2, 3, 5, 6-Tetramethyl methyl mannoside <1, 4> (31, 35). 
(i) 2, 3, 5, 6-Tetramethyl mannose phenylhydrazide (57, 60). 
This substance possesses a melting point of 167° C. 
Alkylated Mannite Derivatives 
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Syrupy methylated derivatives of mannite are mentioned (136). A 
3, 4, 5, 6-tetramethyl mannite monoacetone and a 3, 4, 5, 6-tetramethyl 
mannite are reported ( 137) . 
FRUCTOSE DERIVATIVES 
(Iowa State College J. of Science 5 :243-250 (1931) 
Methylated fructoses described in the literature this last year are: 
(a) 1, 3, 4, 6-Tetramethyl y-fructose (107) . 
This fructofuranose is reported as the scission product of trimethyl 
inulin (157), tetraacetyl y-fructose (121), methylated sucrose (65, 82, 122), 
methylated melezitose ( 82), tetramethyl methyl fructofuranoside ( 65), 
methylated stachyose (140), and trimethyl methyl fructoside (obtained 
from trimethyl levan) (70). It distils at 117-119° at 0.05 mm. (122) and 
the specific rotation is stated to be [a] n = +30.7° (water) (122) and 
+31.3° (145). On oxidation, it leads to a gamma-lactol acid (24) which, 
in turn, forms trimethyl y-arabonolactone. On attempted osazone forma-
tion, a dimethyl osazone is formed (145). 
(b) Trimethyl anhydro-fructose ( 157). 
Said to be obtained from the hydrolysis of trimethyl inulin. 
( c) 1, 3, 4, 6-Tetramethyl methyl fructoside ( 65). 
Leads to (a) on removal of the glycoside group. The boiling point 
is 108-110° at 2 mm. It acquires a pink color with potassium permanganate. 
( d) 1, 3, 4, 5-'l'etramethyl fructose (normal). 
This pyranose form (dl-form has m.p. 95-96° (37, 65) gives trimethyl 
fructuronic acid (37, 65, 107) on oxidation, and the next step results in 
the d-lactone of trimethyl arabonic acid. Rotation is [a]n -87° (145). 
(e) dl-5-nionomethoxy frnctose (37, 65). 
The result of the condensation of dioxyacetone and a-methoxy-~-oxy­
propionaldehyde is this product. It consists of pale yellow crystals, m.p. 
80-85°, reduces Fehling 's, and is hygroscopic. Derivatives are an osone 
(37), and an osazone, m.p. 179°. 
(f) dl-1, 3, 4, 5-Tetramethyl methyl fructopyranoside. 
This compound, melting at 25°, formed from (e). It leads to (d). 
(g) Trimethyl y-fructose. 
Secured from methylated sucrose ( 122). 
(h) 3-l\fothyl fructose (135). 
The preparation of this sugar is given by Loder and Lewis ( 135). 
They state that it rotates [a] i,0 -54° (12 hrs.). The melting point is 
122-3°. The osazone melts at 164 ° ( 65). The compound may be either 
prepared from the 3-methyl glucose through the common monomethyl 
enediol (135) or from a-diacetone-3-methyl fructose (m.p. 114-115°) (135). 
(i) 1, 3, 4-Trimethyl fructose <2, 5> (furanose type). 
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Trimethyl levan gives this compound (68, 70) on hydrolysis. From 
it may be prepared trimethyl methyl fructoside, and a dibasic dimethyl 
lactol acid, identified by the diamide. There is an equilibrium set up be-
tween this trimethyl fructose and (j) which indicates a change in the 
lactone ring ( 82) . 
(j) 1, 3, 4-Trimethyl fructose <2, 6>. 
Obtained from methylated melezitose (82). 
(k) 3, 4, 6-Trimethyl fructose <2, 5>. 
This sugar has been recognized in the hydrolytic products of methy-
lated triacetyl anhydro-fructose (144), inulin (142, 146, 156), Yucca 
dilevan (88), hexamethyl difructose anhydride (145, 155) and pentamethyl 
h-fructose (145). The boiling point is variously stated to be 90-93°/0.0l 
mm., 110-114°/0.05 mm., and the rotation as [an° -38.4° (chloroform) 
(88), and [an5 +25° (chloroform) (145). The osazone (113) is stated 
to have a melting point of 78-80° (144), 79° (88), and 126-7° (146). It 
is said to give another form (m.p. 77°) in solution (146). 
MONO- AND DI-ALKYLATED GLUCOSE DERIVATIVES1 
2-Methyl Glucose 
Considerable research work has been done with regard to this sugar 
because of its importance in structural studies. Oldham and Rutherford 
(139) have given details of its method of preparation. Pacsu (141) has 
stated that his supposed 4-methyl glucose is probably the 2-methyl com-
pound, and his compounds (28, 29) will be mentioned under this heading. 
Physical constants of this sugar are : 
M.P. Rotation Solvent Reference 
157-9° +66° Water 61 
Syrup 65 
157° 64.3° Water 87 
157-8° 139 
158° 65.3° Water 143 
It exhibits mutarotation (87, 143), and forms no osazone (65, 139). 
The osazone, which is reported to have a melting point of 205° (87), is 
really glucosazone, since the compound loses its methoxyl group when 
treated with phenylhydrazine ( 61). 
Its derivatives are: 
(a) Mmwmethyl beta-methyl gluwside (139). 
(b) Monometliyl-3, 4, 6-tri-p-toluenesulfonyl beta-methyl glucoside 
(139). 
This substance has a melting point of 168-169° and is sparingly soluble 
in most solvents. 
( c) 6-Iodo-2-methyl-3, 4-di-p-toluenesulfonyl beta-methyl glucoside. 
The melting point is 184-5° (139). 
( d) Monomethyl-3, 4-di-p-toluenesulfonyl beta-methyl glucoside-6-
mon.onitrate. 
Needles, m.p. 157-158° (139). 
(e) Monomethyl-3, 4-di-p-toluenesiilfonyl beta-methyl glucoside (139). 
The melting point is 137-140°. 
---
1 Iowa State College J. of Science 6 :33-42 (1931). 
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(f) Morwmethyl-3, 5, 6-tribenzoyl y-methyl glucoside. 
( g) Morwmethyl-y-methyl glucoside. 
This compound has a refractive index of 1.4860. 
( h) 3, 4, 6-Triacetyl-2-methyl a-methyl glucoside ( 61). 
Needles, melting at 120°; [an° = +145° (chloroform). 
(i) Methyl a-methyl glucoside (61). 
Consists of prisms, m.p. 147-148°. 
(j) Methyl glucose phenylhydrazone. 
The melting point is reported by different workers as 174-5° (61), 176° 
(139) and 177° (87). 
(k) Monomethyl benzylidene ~-methyl glucoside (139). 
Needles, melting at 170-1°; [a] n -69.2° (chloroform). 
(1) Monomethyl glucose diethyl mercaptal (87). 
(m) Methyl dibenzyl glucose mercaptal (143). 
:J-Thio-ethyl Glucose 
Brigl and coworkers ( 49) are responsible for the description of these 
compounds. They report a 1, 1-di-ethyl merwptal-3, 4, 5, 6-tetrabenzoate 
of 2-thioethyl glucose, melting 84-85°, soluble in the usual organic solvents. 
From this compound it is possible to prepare 1, 1-d·iethyl merwptal of 2-
thioethyl glucose and 2-thioethyl-3, 4, 5, 6-tetrabenzoyl-al-glucose. The 
last-named compound (m.p. 65-66°, and reducing Fehling's on warming) 
leads to 2-thioethyl glucose benzamide of melting point 186-190°. 
3-Mcthyl Glucose 
This alkylated glucose is mentioned but not described in ( 131) and 
(139). It yields no lactic acid and no methyl glyoxal osazone (147) under 
conditions in which glucose yields from 20-55%. It is possible for the 3-
methyl glucose to give up its methoxyl group (147). The sugar cannot 
form a propylene-oxidic glucoside ( 73). It forms, however, both a gamma 
and a normal glucoside (73). The alpha-form melts at 160.5-161° (143) 
while the beta-isomer melts lower (133°-135°) (65, 143). It exhibits muta-
rotation, the initial being 74° (20° C.) (135) and the later rotation being 
55.3° (19.5 hrs.) (135), -0.54° (54 hrs.) (73). 
The derivatives of this important sugar are: 
(a) 3-Methyl diacetone glucose ( 131, 135). 
This compound is used for the preparation of the 3-methyl glucose. 
(b) 4-Methyl glucoheptose. 
Prepared from the 3-methyl glucose by the cyano hydrin synthesis. 
( c) Methyl gluconic acid ( 135). 
Calcium, brucine (m.p. 146-8°), and cinclwnine salts are reported. 
The lactone has a final rotation of [an5 +31.8° (final). 
( d) Methyl glucose phenylosazone (96). 
The melting point is 164° (65), 178-9° (143) and the rotation is -9° 
(alcohol) (143). 
( e) 3-Methyl glucal (77). 
(f) Methyl benzylidene ~-methyl glucoside (139). 
(g) Ethylidene derivatives (63). 
(h) Methyl gamma-methyl glucoside (73, 114, 131). 
(i) Methyl tetracetyl ~-d-glucose (114). 
This melts at 95-96°; [an° = -5.2' (CHC13 ). 
(j) 2, 4, 6-Triacetyl-3-methyl ~-methyl d-glucoside (114). 
Melting point is 90-95°; [an° -34.8° (chloroform). 
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(k) 2-Acetyl-3-methyl-d-glucose. 
The melting point is said to be 144-144.5°, and the rotation in chloro-
form at 20° is -40°. 
(1) 6-Trityl-2, 4-diacetyl-3-methyl p-methyl d-glucoside. 
This is prepared from (k), and melts at 176.5-177.5°. 
(m) 2, 4-Diacetyl-3-methyl p-methyl d-glucoside. 
Results by removing the trityl group from (1). The melting point is 
140-142.5° (114). 
(n) 2, 4-Diacetyl-3-methyl p-methyl d-glucoside 6-p-toluenesulfonate 
(m.p. 91.5°). 
( o) 2, 4-Diacetyl-3-niethyl p-methyl d-glucoside-6-iodohydrin (m.p. 
100.5°). 
( p) 2, 4-Diacetyl-3-methyl p-methyl d-glucoseenide. 
This compound melts at 76.5°-77.5°. 
4-Methyl Glucose 
Attempts (138) are being made at this time to prepare this sugar 
(28, 29, 87, 141, 143) from 2, 3-diacetyl beta-methyl glucoside 6-mononi-
trate. It has already been reported as being obtained from 2, 3, 6-triacetyl 
beta-methyl glucoside ( 64). It has been confused with 2-methyl glucose 
( 28, 29, 141). It is said to be a syrup ( 143), but one melting point ( 156-7°) 
is reported ( 65) . 
Derivatives are: 
(a) Methyl-2, 3, 6-trib1mzoyl beta-methyl glucoside. 
The rotation is [an1 +58.5° (129). 
(b) Methyl beta-methyl d-glucoside (114). 
A syrup. 
(c) Methyl-2, 3, 6-triacetyl p-methyl gl11,coside (114). 
The melting point is 107-108°, with [an° -33.5° (129). 
( d) Methyl dibenzyl glucose mercaptal. 
M.p. is 98°; [aJn -63.9° (pyridine) (143). 
(e) Tetracetate of (d). 
This substance melts at 69-70° (143). 
(f) 4-Methyl glucose phenylosazone (28). 
The melting point is recorded as being 160° (143), 192-198° (65) and 
the optical rotation is -15.46° (ale.). 
5-Methyl Glucose 
Work is in progress on the preparation of this sugar (128). The 
5-methyl glucose (141) is said to have a melting point of 143-4° (143), 
146° (65) and a final rotation of +59.9° in water. The osazone (65) is 
claimed to melt at 180° (143) and 185° (65). 
6-Methyl Glucose 
A slight amount of 6-methyl methyl glucoside is reported as one of 
the cleavage products of methylated cellulose ( 96), but it was not obtained 
pure ( 128). From this glucoside, an osazone may be prepared, with a 
melting point said to be 177° (65), 183° (96) and 184.7° (143). The 6-
monomethyl glucose (65, 128, 143) has a melting point which apparently 
varied with the rate of heating ( 128). It also mutarotates. The 6-methyl 
monoacetone glucose sintered at about 70°, and melted at 71-72°, and gave 
a rotation of -6° in chloroform (128). Other derivatives are a 6-methyl 
gluwnic acid (128), tetraacetyl 6-methyl glucose (m.p. 95-96°), and a 
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triacetyl 6-methyl ~-methyl glucoside. The last-named melts at 104-5°, 
and -14.5° is its rotation in chloroform (128). 
DIMETHYL GLUCOSES 
Methylated glycogen gave some dimethyl glucose (118) besides the 
usual hydrolytic products. Dimethyl glucose is mentioned but not de-
scribed in ( 141) and ( 143). Mixtures of dimethyl glucoses have been iden-
tified among the alkylated compounds resulting from the scission of methy-
lated cellulose (94, 95, 96, 122) and methylated amylose (157). 
2, 3-Dim.ethyl Glucoses 
A large number of 2, 3-dialkylated glucose derivatives have been pre-
pared recently and details of their preparation reported. They are: 
(a) Dimethyl-4, 6-ethylidene beta-methyl glucoside ( 63). 
The 3-methyl glucose forms this compound, m.p. 108°. [an9 -47.75° 
(chloroform) . 
(b) Dimethyl-4, 6-benzylidene beta-methyl glucoside. 
This substance may be prepared from (a) . It is reported to have a 
melting point of 132-135° (139), 133.5-134° (63), and a rotation of -60° 
at 17° C. It can be prepared, too, from benzylidene beta-methyl glucoside 
(138). 
( c) Dimethyl methyl glucoside ( 138). 
A colorless syrup, N» = 1.4680, with [a]» = -34.3° (water) (138). 
Can be prepared from (b) (138) or from alpha-methyl glucoside (123). 
( d) Dimethyl beta-methyl glucoside 4, 6-dinitrate (123). 
Melting point 96-99° (138). 
( e) Dimethyl-6-iodo-beta-methyl gluoosido-4-nitmte ( 123). 
( f) Dimethyl methyl glucoside-4-mononitrate ( 123). 
(g) Dimethyl glucose p-toluenesulfonyl chloride (122). 
(h) 6-lodo-2, 3-dimethyl methyl glucoside (122). 
(i) Dimethyl glucose. 
This sugar can be prepared from (h) (122), methylated amylose (157), 
and acetylated cellulose (94, 95, 96, 109). These methods, however, give 
poor yields. 
( j) Dimethyl-6-iodo-beta-methyl glucoside ( 138). 
Prisms, m.p. 52-55°, [a]» -7.1°. 
(k) Dimethyl-beta-methyl gliicoside 6-nitrate ( 138). 
A distillable syrup, [a]» -27.7° (chloroform), prepared from (j) 
by the use of silver nitrate. 
(1) Dimethyl-4, 6-dibenzenesulf onyl beta-methyl glucoside ( 138). 
Prisms, m.p. 119-120°; [a]» -21° (chloroform). 
(m) Dimethyl-4-benzenesulfonyl 6-iodo-beta methyl glucoside (138). 
This derivative possesses a melting point of 72-73° (138). 
(n) Dimethyl-4-benzenesulfonyl beta-methyl glitcosido-6-nitrate (138). 
Prisms, melting at 96-97°. 
( o) Dimethyl-4-benzenesulf onyl beta-methyl glucoside. 
Said to melt at 86-7° (138). 
2, 6-Dimethyl Glucoses 
This sugar is found among the hydrolytic products of methylated amy-
lase (157) and methylated cellulose (94, 95, 96, 109). Derivatives de-
scribed are the 2, 6-dimethyl-p-toluenesulfonyl chloride (122), 3-iodo-2, 6-
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dimethyl methyl glucoside ( 122), and the 2, 6-dimethyl-3, 4-di-p-toluene-
sulf onyl beta-methyl glucoside ( m.p. 155-157°) ( 139). 
3, 6-Dimethyl Glucose 
This dimethyl glucose in the form of the glucoside, is said to be among 
the dimethyl methyl glucosides secured by the methylation (94, 95, 96) 
of acetylated cellulose. 
TRI· AND TETRA-ALKYLATED GLUOOSE DERIVATIVES 
Iowa State College J. of Science 6 :43-64 (1931) 
TRIMETHYL GLUCOSES 
A description of trimethyl glucoses are included in many of the pub· 
lications which have appeared recently. In some, no description is given 
( 103, 128, 129). A trimethyl glucose is said to have been prepared from 
the monoacetone derivative of 1, 1-dibenzal mercaptal glucose (87). 
2, 3, 4-Trimethyl Glucoses 
In the above earlier paper, this trimethyl glucose was described under 
the heading of 2, 3, 5-trimethyl glucose because a number of workers had 
wrongly allocated the position of the methoxyl groups to carbons 2, 3 and 
4, when they should have been assigned to carbons 2, 3 and 5. Now, how-
ever, methods have been evolved for the preparation of the 2, 3, 4-compound, 
and it is probably correct to assign those positions to the methoxyls in the 
compounds to be described. Derivatives claimed to be related to the 2, 3, 
4-trimethyl glucose are: 
(a) 2, 3, 4-Trimethyl glucose (107, 122). 
Condensation of this sugar with hydrofluoric acid takes place to the 
extent of 58 per cent. 
(b) Trimethyl ~-methyl glucoside 6-nitrate. 
Secured from (a) as well as from 2, 3-dimethyl beta-methyl glucoside 
6-nitrate ( 138) . In turn, it gives rise to 
( c) Trimethyl beta-methyl glucoside. 
This has probably been described in the earlier paper on trimethyl 
glucoses. Its melting point is said to be 92-93° ( 122), and 93-94 ° ( 138). 
(d) Trimethyl saccharic acid (51). 
(e) 6 ( ?)-Iodo-trimethyl beta-methyl glucoside (122). 
(f) 6 ( ?)-Acetyl-trimethyl beta-methyl glucoside (122). 
( g) i-Xylotrimethoxyglutaric acid. 
The result of the oxidative degradation of 2, 3, 4-trimethyl glucose 
(51). 
(h) Trimcthyl glycuronic acid (8, 50). 
This can be prepared from gum arabic ( 50), and is possibly formed 
from mesquite gum (93). In the latter case, it is combined with three 
molecules of galactose. Said to result, too, from methylated euxanthic acid 
(86). 
( i) Trimethyl beta-methyl gl,ycuronide ( 50). 
A non-reducing methyl glucosidic form of methyl glycuronic acid, m.p. 
133°. 
( j) T1·imethyl 6-triphenylmethyl a-methyl glucoside. 
The product consists of hexagonal plates, m.p. 166-7° (86). It can 
form 
(k) Trimethyl a-methyl glucoside ( 86). 
B.p. = 130° / 0.1 - 0.2 mm. 
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(1) Methyl ester of trimethyl saccharol,actone. 
Formed from (k) (86) or from trimethyl glucuronic acid. The crystals 
are hexagonal plates, m.p. 106° (86), 107° (51) with [an2 +104.3° (ale.) 
(51). See (86) for solubilities. 
(m) Methyl dimethoxysuccinic acid. 
The product results from the oxidation of 2, 3, 4-trimethyl glucuronic 
acid. 
2, 3, 5-Trimethyl Glucose 
This sugar results from the scission with acids of trimethyl 1-glucosan 
(16). 
3, 4, 6-Trimethyl Glucose 
This is reported as being the product from methylated alpha-glucosan 
(154). Mentioned only in (122). 
4, 5, 6-Trimethyl Glitcoses 
This sugar has been mentioned in a number of papers (28, 29). A 
compound, to which this structure was assigned, has been shown to be a 
4-methyl glucose (143). Likewise the osazone was shown to have only one 
methoxy group (141). The corrections which have been made with regard 
to the loss of the methoxyls brings up the question as to whether tri- and 
tetramethylated derivatives could lose a methoxy on osazone formation 
(141). 
2, 4, 6-Trimethyl Glucose 
The melting point is given as 121-123° (122). A 2, 4, 6 ( 7) -trimethyl-
p-toluenesulfonyl beta-methyl glucoside (m.p. 104-105°) is described (122). 
2, 3, 6-Trimethyl Glucos.es 
This sugar is mentioned in 53, 55, 107, 117, 119. Its derivatives are 
numerous: 
(a) Trimethyl glucose. 
Trimethyl glucal can be used (77) for its preparation. It condenses 
to the extent of 59 per cent with hydrofluoric acid (115). The melting 
point is variously stated to be 110-112° (118), 112° (95), 114° (123) and 
121° ( 120). The rotation is 70.9~ in water ( 120). The trimethyl glucose 
may also be prepared from octamethyl maltose (24), methylated amylose 
(157) and trimethyl beta-methyl glucoside (66, 67, 94, 95, 96, 109, 110 and 
111). 
(b) Trimethyl-5-p-toluenesulfonyl y-methyl glucoside (122). 
This does not react with sodium iodide ( 138). 
(c) Trimethyl glucono-y-lactone (120). 
(d) Trimethyl gamma-methyl glucoside (117). 
The boiling point is 180° /0.05 mm., with [a]D = -26.3° (water) 
(120). 
( e) Trimethyl glucono-a-7,actone ( 120). 
(f) Trimethyl glucose anhydride (107, 123). 
A mobile oil of a low boiling point ( 55). 
(g) Trimethyl ni.ethyl glucoside-4-mononitrate. 
The refractive index was found to be 1.4595 (123). 
(h) Trimethyl beta-methyl glucoside (104). 
This glucoside results from (g) (123), methylated glycogen (110, 111, 
118), and trimethyl cellulose (66, 67, 94, 95, 96, 98, 109). The glucoside 
boils at 130-140° at 0.2 mm., and has a refractive index of 1.4595 (123). 
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(i) Trimethyl-4-benzenesulfonyl beta-methyl glucoside. 
This melts at 83-84°; small cubes soluble in all solvents except water 
and petrolic ethers ( 138). 
(j) Trimethyl gluconic acid (117). 
TETRAMETHYL GLUCOSES 
2, 3, 4, 5-Tetramethyl Glucoses 
Haworth (107) mentions the 2, 3, 4, 5-tetramethyl gluconic acid and 
the 2, 3, 4, 5-tetramethyl saccharic acid. 
2, 3, 4, 5-Tetramethyl Glucoses 
Usually, when the positions of the methoxyl groups are not specified, 
references to "tetramethyl glucose" refer to this sugar (55, 78, 94, 95, 96, 
122, 141). It is one of the most important alkylated sugars in the study 
of structural carbohydrate chemistry. This tetramethyl glucose, and its 
compounds, has been described in detail in the earlier paper. Recent pub· 
lications give the following additional information. 
(a) 2, 3, 4, 6-Tetramethyl glucose (78). 
The product results from the splitting of methylated melezitose (82), 
glycogen (110, 111), amylose (157), cellan (115), and from the hydrolysis 
of the glycoside group of the alpha and beta glucosides (109, 120, 128, 131). 
The compound is not oxidized by oxygen in the presence of iron pyrophos· 
phate ( 52), and condenses ( 68 per cent) with hydrofluoric acid ( 115). It 
is possible, by formation of a common ene-diol, to pass over from the tetra-
methyl glucose to the corresponding tetramethyl mannose (135). The sugar 
is crystalline (120) and dextro-rotatory: the melting point being given 
as 87° (95), 88-89° (110, 111), 89° (109), and 88-90° (128) ; the rotation 
as +83° (equil.) (110, 111), 83.5° (109) and 94° (50 per cent sulfuric 
acid) (103). A simplified procedure for its preparation has been given 
by West and Holden (152). 
(b) Tetramethyl beta-ethyl glucoside (65, 107). 
(c) Tetramethyl beta-methyl glucoside (98, 107). 
Can be secured from methyl glucoside (131), and methylated cellulose 
(98, 109, 157). Leads to 2, 3, 4, 6-tetramethyl glucose (109, 131). The 
melting point is 40-41° ( 103, 105), the boiling point is 80-85 ° /0.1 mm., and 
the rotation -18° in water (65, 103). 
( d) Tetramethyl gluconic acid phenylhydrazide. 
M.p. 115°; [a]D = +42.18° (ale.). 
(e) Tetramethyl glucose anilide. 
M.p. 137-138° (128). 
(f) Tetramethyl alpha-methyl glucoside (98, 107). 
The sources of this sugar are 2, 3, 6-trimethyl alpha-methyl glucoside 
( 120), methylated cellulose ( 98, 109) and the parent tetramethyl glucose 
( 120). The rotation is given as + 101 ° ( 128) . 
(g) Tetramethyl delta-gluconolactone (107). 
Oxidizes to xylotrimethoxyglutaric acid. 
(h) Tetramethyl gluconic acid (107). 
(i) Tetramethyl glucose-1-chlorohydrin (104). 
Used with trimethyl beta-methyl glucoside to synthesize heptamethyl 
beta-methyl cellobioside. 
(j) Tetrainethyl 2-keto-gluc.onic acid amide (107). 
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2, 3, 5, 6-Tetramethyl Gl,ucoses 
This tetramethyl glucose (73, 107, 117, 119, 131) may be prepared 
(112) from either the alpha-methyl glucofuranoside or the alpha-ethyl 
glucofuranoside. The compound is a syrup ( 120), distilling at 130° /0.01 
mm., 130°/0.15 mm. (112, 120), and with the specific rotation [a]» = 
-15.4° (benzene) (120), and -7.6° (112). 
It forms: 
(a) Tetramethyl a-methyl glucofuranoside ( 107). 
Can be secured from the methylation of 3-methyl d-glucose or d-glucose 
(73). The optical rotation is +104° (65) and +106.5° (112). It distils 
at 94° with 0.04 mm. pressure (112). 
(b) Tetramethyl gluconic acid (107, 120). 
(c) Tetramethyl gluwnic acid bariwn salt (73). 
[a]~2 = +33.2° (water). 
( d) Tetramethyl gluconic acid phenylhydrazide (73, 112). 
M.p. = 135° (112); 135.8° (corr.) (73). 
( e) Tetramethyl gamma-methyl glucoside. 
Distils at 115° /0.35 mm.; [an5 -16.0° (water) (120). May be formed 
from 2, 3, 6-trimethyl gamma-methyl glucoside (117, 120). 
(f) Tetramethyl glucono-y-lactone (112, 120). 
Methylated manninotrionic acid gives this lactone (140). A melting 
point of 26° ( 112) is reported. 
(g) Tetramethyl beta-ethyl glucofuranoside (112). 
ALKYL DERIVATIVES OF DI- AND POLY-SACCHARIDES 
Iowa State College J. of Science (1933) 
Disaccharides 
Octamethyl cellobiose has been mentioned in 125, 150, and 156. ]'ur-
ther work (155) has been done on the difructose anhydride which gives a 
hexamethyl derivative and forms 3, 4, 6-trimethyl fructofuranose on hydrol-
ysis. 
Trisaccharides 
Hess and coworkers have continued their work on the interesting hen-
decamethyl cellotriose which has a melting point of 116-117° (116, 125, 
149, 150, 156). Onuki (140) has reported a manninotriose from stachyose, 
which can be oxidized to a manninotrionic acid. The acid forms a undeca-
methyl manninotricmic acid, [an2 = 1.4597, which leads to 2, 3, 5, 6-tetra-
methyl d-gluconic acid lactonc and 2, 3, 4, 6-tetramethyl galactose on hydrol-
ysis. 
Tetrasaccharides 
Tetradecamethyl cellotetraose (m.p. 134-138°) is secured along with 
the methylated cellotriose mentioned above (116, 125, 149, 150). It is 
prepared from the water soluble dextrin from cellulose. Tetradecamethyl 
stachyose is a colorless syrup ( 140). 
Polysaccharides 
An intensive study has been made by Bell (94, 95, 96) on the cleavage 
products of various wood celluloses. He found that wood contains a re-
sistant portion which does not methylate easily. Kruger (126) has reviewed 
the recent experimental and theoretical advances in the chemistry of cellu-
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lose and concludes his paper with 77 references. The methylation of cellu-
lose has been discussed ( 109, 159). Methylated cellulose leads to 2, 3, 6-
trimethyl glucose in the first stage of hydrolysis (157). The same fact is 
true of methylated amylase (157). 
The problems in connection with the methylation of glycogen have 
been further studied ( 111). Irvine ( 157) has published on the hydrolysis 
of trimethyl inulin. 
Miscellaneous 
Trimethyl-N-methyl guanosine hydrochloride is a gum, decomposing 
at 98°, and giving trimethyl ribose (132) on hydrolysis. 
GENERAL 
Prof. E. 0. von Lippmann has continued his semi-annual reviews in 
the field of pure carbohydrate chemistry (21, 27, 43), and emphasizes the 
importance of alkylated derivatives in structural studies. Pringsheim ( 83) 
has presented an outline of the present-day sugar chemistry and Freuden-
berg ( 55) has written on certain aspects of the chemistry of cellulose and 
other polysaccharides. The methylation of glucose with dimethyl sulfate 
and sodium hydroxide at a temperature of 30° in a solution kept alkaline 
to bromothymol blue and acid to phenolphthalein resulted in a product 
which definitely gave a positive response to several common tests for an 
active or gamma-sugar (15). 
Theories of structure of carbohydrates have been summarized in a 
paper by Csiiros ( 99). Ohle ( 81) has likewise presented an extensive re-
view of the modern structural concepts. Bibliographies on methylated 
carbohydrates may be found in the publications of Bridel (48), Irvine (4), 
Hudson and Pringsheim (39), and in the recent excellent volumes of Abder-
halden (VIII), Vogel and Georg (151), and of Haworth (The Constitution 
of Sugars. London: Edward Arnold and Co., ( 1929). The last-mentioned 
has been recently translated into German. Berger (17) claims that a di-
methyl hexose ( osazone, m.p. 206-8°), not present as a glucoside, was found 
in Erysimum crepidifolium. 
Methods for determining methoxyl groups in carbohydrates have been 
worked out (22, 105). Several other papers mentioned methylated sugars 
only in a general way ( 44, 85). A trimethyl monoacetone idose is described 
by Ohle and Vargha (46) and a dl-5-methoxy-a-acrose by Hersant and 
Linnell ( 65) . 
NATURAL ALKYLATED CARBOHYDRATES OF 
BEBATABLE STRUCTURE 
These will not be described in this paper because of their questionable 
character, but detailed description will be found in the following refer· 
ences: 
Cymarose: 10, 20, 25, 26, 40 and 124. 
Digitalose and derivatives (From digitalin and oleandrin) : 1, 3, 5, 
9, 12. 
Digitoxose methyl ether: 10. 
Sarmentose: 124. 
Strophantibiose methyl ether: 2, 6, 7, 11, and 148. 
REFERENCES 
1892 
1. KILIAN!, H.-Ber., 25:2116-2118. 
THE LITERATURE OF ALKYLATED CARBOHYDRATES 149 
1900 
2. FEIST, F.-Ber., 33:2063-2069; 2069-2090; 2-091-2097. 
1905 
3. KILIANI, H.-Ber., 38 :3621. 
1909 
4. IRVINE, J. C.-Biochem, Zeitschr., 22:357-370. 
5. Ku.um, H.-Ber., 42:2610-2611. 
1912 
6. HEFFTER, A., and F. SACHS-Biochem. z., 40:83. 
1914 
7. BR.AUNS, D. H., and 0. E. CLOSSON-Arch. der Pharmazie 252:294-340. 
8. H~}RZIG, J., and R. STANGER-Monatsh., 35:47. 
9. KILIANI, H.-Arch. der Pharmazie 252:26-32. 
1915 
10. WINDAUS, A., and L. HERMANNS-Ber., 48:979-990. 
11. WINDAUS, A., and L. HERMANNS-Ber., 48:991-994. 
1918 
12. KILIANI, H.-Ber., 51 :1613-1639. 
1922 
13. KARRER, P., and J. PEYER-Helv. Chim. Acta 5:577-581. 
14. KrL!ANI, H.-Ber., 55:75-1-01. 
1923 
15. WHITNAH, C. H.-J. Amer. Chem. Soc., 51:3490-3493. 
1924 
16. ZEMPLEN, G.-Ber., 57:698-704. 
1925 
17. BERGER, R.-Heil. u Gewurz-Pflanzen (1925); Chem. Zentr., I, 1213-1214 (1926). 
1926 
18. BERL, E., and S. RITTER--Cellulosechemie VII, 137. 
19. FREY, K.-Dissert. Zurich. 
20. JACOBS, W. A., and A. HoFFMAN-J. Biol Chem., 67:609; 69:153. 
21. v. LIPPMANN, E. 0.-Deut. Zuckerind., 51: 83-0-1; 853-855; 875-876; 899-900; 924-
925; 947; 969-970. 
22. ZEMPLEN, G.-Matematik. Termeszelludomanyi Ertesito 43:101-109. 
1927 
23. DREw, H. D. K., and W. N. HAWORTH-J. Chem. Soc., (London) 775-779. 
24. HAWORTH, W. N.-J. Soc. Chem. Ind., 46:295-300T. 
1928 
25. JACOBS, W. A., and E. L. GuSTUS--J. Biol. Chem., 79:539. 
26. JACOBS, W. A. and A. HoFFMANN-J. Biol. Chem., 79:519, 531. 
1929 
27. v. LIPPMANN, E. 0.- Deut. Zuckerind., 54:893-894; 917-918; 941-942; 965-966; 
989-990; 1015-1016. 
28. PACSU, E., and c. v. KARY-Ber., 62:2811-2817. 
29. PACSU, E., and A. Lt>B-Ber., 62:31-04-3107. 
30. REEVES, H. G.-J. Chem. Soc., (London) 1327-1329. 
31. BOTT, H. G., W. N. HAWORTH and E. L. HmsT-J. Chem. Soc., (London) 2653· 
2659. 
32. CARTER, S. R., W. N. HAWOl.n'H and R. A. RoBINSON-J. Chem. Soc., (London) 
2125-2133. 
33. FARMER, E. H.- Ann. Rep'rts. Prog. Chem., 27:102-114. 
34. HAWORTH, w. N.- Nature 126 :238-239. 
35. HAWORTH, W. N., and E. L. HIRST-J. Chem. Soc., (London) 2615-2635. 
150 HAROLD W. COLES 
36. HAWORTH, W. N., E. L. HIRST and J. A. B. SMITI-I-J. Chem. Soc., (London) 2659· 
2663. 
37. HERSANT, E. F., and W. H. LlNNELir-Nature 126:844. 
38. HIBBERT, H., and G. C. ANDERSON-Can. J. Research 3:306-317. 
39. HUDSON, c. s., and H. PRINGSHEIM-Trans. Faraday Soc., 26:441. 
40. JACOBS, W. A.-J. Biol. Chem., 88:519. 
41. KARRER, P., and E. v. KRAUSS-Helv. Chim. Acta. 13:1071-1073. 
42. KENDALL, A. I., and C. E. GRoss-J. Infect. Dis., 47:249-260. 
43. v. LIPPMAN, E. 0.-Deut. Zuckerind., 55:1104, 1131-1133, 1178-1179, 1209. 
44. MICHEEL, F., and H. MICHEEL--Ber., 63:386-393. 
45. NISHIDA, K., and H. HASHIMA-J. Dept. Agr. Kyushu Imp. Univ., 2:277·360. 
46. OHLE, H., and L. v. VARGHA-Ber., 63:2435-2444. 
47. STAUDINGER, H., and 0. SCHWEITZER-Ber., 63:2317-2330. 
1931 
48. BRIDEL, M.-Bull. Soc. Chim. Biol., 13:1015-1158. 
49. BRIGL, P., H. Muhlschlegel and R. Schinle-Ber., 64:2921-2934. 
50. CHALLINOR, S. W., W. N. HAWORTH and E. L. HIRST--J. Chem. Soc., (London) 
258-265. 
51. CHARLTON, W. N., W. N. HAWORTH and R. W. HERBERT--J. Chem. Soc., (London) 
2855-2857. 
52. DEGERING, E. F., and F. W. UPSON-J. Biol. Chem., 94:423-431. 
53. DZIElNGEL, K., c. TRO<ms and K. HESS-Annalen 491:52-106. 
54. FAIRBOURNE, A., G. P. GIBSON and D. w. STEPHENS-J. Chem. Soc., (London) 
445-458. 
55. FREUDENBERG, K.-J. ~foe. Chem. Ind., 50:287-294T. 
56. GROSS, C. E., and W. L. LEwis-J. Amer. Chem. Soc., 53:2772-2784. 
57. HAWORTH, W. N., E. L. HIRST and M. M. T. PLANT--J. Chem. Soc., (London) 
1354-1358. 
58. HAWORTH, W. N., E. L. HIRST and H. SAMUELS-J. Chem. Soc., (London) 2861· 
2864. 
59. HAWORTH, W. N., E. L. HIRST and M. STACEY-J. Chem. Soc., (London) 2864· 
2872. 
60. HAWORTH, W. N., E. L. HIRST and H. R. L . STREIGHT--J. Chem. Soc., (London) 
1349-1354. 
61. HAWORTH, W. N., E. L. HIRST and E. G. 'l'EECE-J. Chem. Soc., (London) 2858-
2860. 
62. HAWORTH, W. N., and E. G. V. PERCIVAir-J. Chem, Soc., (London) 2850-2854. 
63. HELFERIOH, B., and H. APPEir-Ber., 64:1841-1847. 
64. HELFERICH, B., and H. BREDERECK-Ber., 64:2411-2414. 
65. HERSANT, E. F., and W. H. LINNELir-Quart. J. Pharm. and Pharmacol., 4:52-100. 
66. HIBBERT, H., and J. BARSHA-J. Amer. Chem. Soc., 53:3907. 
67. HIBBERT, H., and J. BARSH.A-Can. J. Research 5:580-591. 
68. HIBBERT, H., and F. BRAUNS---Can. J. Research 4:596-604. 
69. HIBBERT, H., and E. HALLONQUIST-Can J. Research 5:428-435. 
7·0. HIBBERT, H., R. S. TIPSON and F. BRAUNS---Can. J. Research 4:221-239. 
71. HIRST, E. L., and C. S. WOOLVIN-J. Chem. Soc., (London) 1131-1137. 
72. HUMPHREYS, R. W., J. PRYDE and E. T. WATERS-J. Chem. Soc., (London) 1298· 
1304. 
73. LEVENE, P. A., and R. T. DILLON-J. Biol. Chem., 92: 769-776. 
74. LEVENE, P.A., and G. M. llfEYERS-J. Biol. Chem., 92:257-262. 
75. LEVENE, P.A., and R. S. TIPSON-J. Biol. Chem., 90:89-98. 
76. LEVENE, P.A., and R. S. TIPS-ON-J. Biol Chem., 93:623-630. 
77. LEVENE, P. A., and R. s. TIPSON-J. Biol. Chem., 93 :631-644. 
78. NEHER, IL T., and W. L. LEWis-J. Amer. Chem. Soc., 53:4411-4423. 
79. NEUBEIW, I. S.-Biochem. Z., 238 :459-460. 
80. NIOOLET, B. H.-J. Amer. Chem. Soc., 53 :4458. 
81. OHLE, H.-Ergebnisse physiol., 33 :558-701. 
82. PACSU, E.-J. Amer. Chem. Soc., 53 :3099-3104. 
83. PRrNGSHE.IM, H.-Z. angew. Chem., 44:677-682. 
84. PRYDE, J., and R. T. WILLIAMS-Nature 128:187. 
85. RoBINSON, R., and E. J. Krna-Biochem. J., 25: 323-337. 
86. RoBER·rsoN, A., and R. B. WATERS-J. Chem. Soc., (London) 1709-1714. 
87. SCHINLE, R.-Ber., 64:2361-2363. 
88. SCHLUBACH, H. H., and W. FLORSHE.IM-Z. physiol. Chem., 198:153-158. 
89. ST. JOHN, I.-Biochem. Ztschr., 238 :459. 
THE LITERATURE OF ALKYLATED CARBOHYDRATES 151 
90. UPSON, F. W., and Q. R. BARTZ-J. Amer. Chem. Soc., 53:4226·4227. 
91. WOLFROM, M. L., and A. THOMPSON-J. Amer. Chem. Soc., 53:622-632. 
1932 
92. ABDERHALDEN-Biochem. Handlexicon, Vol. XIII. 
93. ANDERSON, E., and G. BA.zzETTA-New Orleans meeting, A. C. S. 
94. BELL, D. J.-Biochem. J., 26:590-597. 
95. BELL, D. J.-Biochem. J., 26:598-608. 
96. BELL, D. J.-Biochem. J., 26:609-614. 
97. CAROTHERS, W. H., G. L. DoROUGH and F. J. VAN NATTA-J. Amer. Chem. Soc., 
54: 761-772. 
98. Cox, E.G., and T. H. GooDWIN-J. Chem. Soc., (London) 1844-1855. 
99. Cs"OR6s, Z.-Magyar Chem. Foly6irat 38 :44-55. 
100. FAIRBOURNE, A., G. P. GIBSON and D. W. STEPHENS-J. Chem. Soc., (London) 
1965-1972. 
101. FAIRBORNE, A. G., and D. w. STEPHENS-J. Chem. Soc., (London) 1973-1977. 
102. FlSCIIER, H. 0. L., and E. BAER-Ber., 65:345-352. 
103. FREUDENBERG, K., K . FRIEDRICH and I. BUMANN-Annalen 494:41-62. 
104. FREUDENBERG, K., and w. NAGAI-Annalen 494:63-68. 
105. FREUDENDERG, K., and K. SoFF-Annalen 494:68-72. 
106. HAWORTH, w. N.-Nature 129:365. 
107. HAWORTH, w. N.-Ber., 65:43-65. 
108. HAWORTH, w. N.-J. Soc. Chem. Ind., 46:295-300. 
109. HAWORTH, W. N., and H. MAOHEMER-J. Chem. Soc., (London) 2270-2277. 
110. HAWORTH, W. N., and H. MACHEMER-Ber., 65, [A] 43. 
111. HAWORTH, W. N., and E. G. V. PERCIVAir-J. Chem. Soc., (London) 2277-2282. 
112. HAWORTH, W. N., 0. R. PORTER and A. C. WAINE--J. Chem. Soc., (London) 2254· 
2258. 
113. HAWORTH, W. N., and H. R. L. STREIGHT--Helv. Chim. Acta 15:609-615. 
114. HELFERICH, B., and 0. LANG-J. prakt. Chem., 132:321-324. 
115. HELFERICH, B., and 0 . PETERS-Annalen 494:101-106. 
116. HESS, K., and M. ULMANN-Naturw., 20:296. 
117. HmsT, E. L.-J. Amer. Chem. Soc., 54:225·9-2560. 
118. HUGHES, G. K., A. K. MACBETH and F. L. WINZOR-J. Chem. Soc., (London) 2026· 
2031. 
119. IRVINE, J. C.-J. Amer. Chem. Soc., 54:2567-2568. 
120. IRVINE, J. C., and R. P. McGLYNN-J. Amer. Chem. Soc., 54:356-363. 
121. IRVINE, J.C., and E.T. STILLER-J. Amer. Chem. Soc., 54:1079-1085. 
122. IRVINE, J. C., AND E. T . STILLER-J. Amer. Chem. Soc., 54:1486-1491. 
123. IRVINE, J. c., and J. K. RUTHERFORD-J. Amer. Chem. Soc., 54:1491-1495. 
124. JACOBS, W. A., and N. M. BJGELOW-J. Biol. Chem., 96 :355. 
125. KLAGES, F.-Annalen 497:234-247. 
126. KROGER, D.- Zellstoff u. Papier 12:57-62. 
127. LEvENE, P.A., and S. A. HARRls-J. Biol. Chem., 95:755-764. 
128. LEVENE, P.A., and A. L. RAYMOND--J. Biol. Chem., 97:751-761. 
129. LEvENE, P.A., and A. L. RAYMOND-J. Biol. Chem., 97:763-775. 
130. LEVENE, P.A., A. L. RAYMOND and R. T. DILLON-J. Biol. Chem., 95 :699-713. 
131. LEVENE, P. A., A. L. RAYMOND and R. T. DILLON-J. Biol. Chem., 96 :449-459. 
132. LEVENE, P.A., and R. S. TIPSON-J. Biol. Chem., 97:491-495. 
133. LEVENE, P. A., R. S. TIP SON and S. A. HARRIS-Science 75: 543. 
134. LIESER, T., and w. NAGEir-Annalen 495:235-249. 
135. LODER, D. J., and W. L. LEwls-J. Amer. Chem. Soc., 54 :1040-1054. 
136. M!CHEEL, F.- Annalen 497 :77-98. 
137. MULLER, A.- Ber., 65:1051-1055. 
138. OLDHAM, J. W. H., and J. K . RUTHERFORD-J. Amer. Chem. Soc., 54:366-378. 
139. OLDHAM, J. W. H., and J. K. RUTHERFORD-J. Amer. Chem. Soc., 54:1086-1091. 
140. ONUKI, I. M.-J. Agr. Chem. Soc. Japan 8: 445-462. 
141. PACSU, E.-Ber., 65:51-54. 
142. PICTET, E. and H. VOOEir-Helv. Chim. Acta 15:695. 
143. SCHINLE, R.-Ber., 65 :315-320. 
144. SCHLUBAClI, H. H., and H. ELSNErv-Ber., 65:519-522. 
145. SCHLUBACH, H. H., and H. ELSNER--Annalen 497 :201-207. 
146. SCHLUBACH, H. H., and H. KNOOP-Annalen 497 :208-234. 
147. SCHROEDER, E. F., and G. E . WOODWARD-Denver meeting, A. C. S. 
148. TANRE'r, G.- Compt. rend., 194:914-916. 
149. TROGUS, C.-Natunvissenschaften 20: 317. 
152 HAROLD W. COLES 
150. ULMANN, M., and K. HEss-Naturwissenschaften 20:316·317. 
151. VOGEL, H., and A. GEORG-Tabellen der Zucker. 
152. WEST, E. s., and R. F. HOLDEN-Denver meeting, A. c. s. 
Too late to be classified chronologically: 
153. LEVENE, P.A., and R. s. TIPSON-J. Biol. Chem., 94:809-819. 
154. ALLEN, J. S., and H. HIBBERT-Ber., 65:1362-1371. 
155. HAWORTH, w. N., and H. R. L. STREIGHT-Helv. Chim. Acta 15:693-69& 
156. HESS, K., and M. ULMANN-Annalen 498:77-100. 
157. IRVINE, J. C.-Chemistry and Industry 15 :263. 
158. KLIMEK, R., and J. K. PARNES-Biochem. Zeitschr., 252:392-396. 
159. PRINGSHEIM, H., and K. WARD, JR.-Cellulosechemie 13:65-71. 
160. REICHEL, L., and G. ERD5S-Ber., 65:1618-1623. 
OXYGEN ABSORPTION IN SOILS1 
F. B. SMITH AND P. E. BROWN 
From the Soils Subsection, Iowa AgrfouUivral Experiment Station 
Accepted for publication November 1, 1932 
The production of carbon dioxide in soils has long been regarded as 
a measure of microbiological activity and since the fertility or crop-pro-
ducing power of a soil is dependent to a great extent upon microbiological 
action, carbon dioxide production has come to be considered an index of 
the fertility of the soil. Russell (2), however, regarded the rate of oxygen 
absorption in soils a more reliable measure of fertility than the rate of 
production of carbon dioxide. In his work, a simple manometric method 
was employed for determining the rate of oxygen absorption. 
Smith and Brown (3) adapted the Barcroft (1) differential mano-
meter for measuring oxygen consumption in soils. This manometer seems to 
possess many advantages over the manometer used by Russell. A critical 
investigation of the method has been made and the purpose of this paper 
is to present the details of the method and some results secured. 
EXPERIMENTAL 
PROCEDURE 
The apparatus used to measure oxygen absorption (Fig. 3, and Plate 
I), consisted of a manometer, each arm of which was attached to a 500 cc. 
fl.ask and could be opened to the atmosphere. A side arm was sealed into 
the right fl.ask of one manometer for sampling the air for analysis. Inside 
each fl.ask, a vertical tube 25 mm. in diameter and 40 mm. high, was sealed 
to the bottom to hold the sample of soil. Soil placed in the small cup of 
the right fl.ask absorbed oxygen and gave off carbon dioxide. The carbon 
dioxide was absorbed in potassium hydroxide, placed in the large fl.ask, 
and the amount of oxygen absorbed by the soil was measured by the change 
in the manometer reading. 
The method suggested by Stephenson ( 4) was adapted for calibrating 
the manometers. Ten grams of air-dry soils were placed in the small cup 
of the right fl.ask and the moisture content adjusted by adding distilled 
water. Ten cubic centimeters of a 35 per cent solution of potassium hydrox-
ide were placed in the bottom of the right and left fl.asks. The fl.asks were 
then attached to the arms of the manometer and placed in the constant 
temperature water bath, with the manometer outside the water. The cali-
brating pipette was placed in a deep museum jar with circulating water 
from the constant temperature bath. The room temperature was about the 
same as that of the water in the constant temperature bath, and no dif-
ficulty was experienced in maintaining the temperature in the glass jar 
the same as that of the water bath. A standard, one cubic centimeter 
pipette, calibrated in hundredths, was connected at one end to the right 
arm of the manometer by means of a capillary glass tube and rubber tubing 
and at the other end by rubber tubing, to a long glass tube for leveling. 
The leveling tube and pipette were filled to a convenient level with kerosene 
i Journal Paper No. B73 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
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colored with Sudan III. After the apparatus had remained in the water 
bath approximately 30 minutes to attain the temperature of the bath, the 
left flask was closed to the atmosphere and the oil leveled by raising or 
lowering the leveling tube. The right fl.ask was then closed and a reading 
of the manometer level and liquid in the pipette made after which the fl.ask 
was opened and the leveling tube lowered, sucking air out of the fl.ask; 
it was then closed and the apparatus shaken in the water bath for 30 
seconds; the liquid in the pipette was leveled and a reading made. The 
readings were then checked by returning the oil to the position in the first 
reading, which duplicated the first readings if no leaks or temperature 
change had occurred. The difference between the first and second readings 
of the pipette in cubic centimeters, reduced to standard conditions of tem-
perature and pressure, divided by the difference between the first and second 
readings of the right and left arms of the manometer, multiplied by 1000, 
gives the fl.ask constant, which when multiplied by the rise in height of the 
manometer liquid, gives the cubic millimeters of oxygen absorbed at 0° and 
760 mm. 
The procedure followed in these experiments consisted in placing 10 
gms. of soil in the small cup of the right fl.ask, adjusting the moisture con-
tent, placing 10 cc. of a 35 per cent solution of potassium hydroxide in the 
bottom of the right and left fl.asks and then placing the fl.asks in the water 
of a constant temperature water bath which could be regulated to +0.005°C. 
The moisture content was adjusted to 30 per cent unless otherwise stated 
and the temperature of the water bath was regulated to 30° C. unless 
otherwise stated. The soils used were Carrington loam and Tama silt loam. 
RESULTS 
The influence of aeration on the rate of oxygen absorption in Carring-
ton loam was determined in the first experiment. Ten grams of air-dry 
soil were placed in the small cup of the right fl.ask and the moisture content 
adjusted to 25 per cent. The fl.asks of manometer I were aerated 10 minutes 
with C02-free air before being attached to the manometer. The fl.asks of 
manometer II were not aerated. The constant temperature bath was regu-
lated to 25° C. Readings were made at intervals during 28 hours and the 
oxygen absorbed calculated. The results are shown in figure 1. Curve I, 
figure 1, represents the fl.asks which were not aerated and curve II repre-
sents the results from the soil which was aerated. 
The initial rate of oxygen absorption was greater in the unaerated 
fl.ask than in the fl.ask aerated with C02-free air. 
In another experiment with Carrington loam, the cocks of one man-
ometer were opened at intervals after making the readings, allowing the 
manometer liquid to return to zero and the fl.asks to fill with air. The re-
sults are shown in curves III and IV, figure 1. 
The results shown by curve IV, figure 1, represent the flasks opened 
to the atmosphere at intervals, and indicate no effect on the rate of oxygen 
absorption. The two curves are approximately parallel but of slightly 
different magnitude. 
The influence of dextrose on the rate of oxygen absorption was studied 
in two experiments, one with Carrington loam and the other with Tama 
silt loam. Two manometers were used in each experiment. In the experi-
ment with Carrington loam, the manometer liquid was drawn over into 
the fl.asks during the night. The results are shown in curve V, figure 1. 
In the experiment with Tama silt loam, the manometer cocks were left open 
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during the first 15 hours, then closed and readings taken during the next 
9 hours. The results are shown in curve VI, figure 1. 
These two curves are approximately parallel, the only difference being 
in the magnitude of the absorption at any given time. 
The rate of oxygen absorption in untreated Tama silt loam was de-
termined over a period of 114 hours. Two manometers were used in this 
77,.,.,. ;,,,, h·"''"' 
Fig. 1. Influence of aeration and dextrose on oxygen absorption in Tama silt loam 
experiment. Readings were made at intervals and the amount of oxygen 
absorbed calculated. The results are shown in curve I, figure 2. The dupli-
cate tests checked closely; there is indicated a gradual slowing up of the 
respiration for 48 hours, after this period of time there followed a more 
marked decrease in the rate of respiration. 
The rate of oxygen absorption by soil in an atmosphere of oxygen and 
in air was determined in another experiment. Tama silt loam was used 
as in the preceding experiment, except that the air of the fl.asks of one ap-
paratus was replaced with approximately pure oxygen. Readings were 
made over a period of 124 hours. The results secured are shown in curves 
II and III, figure 2. 
The amount of oxygen absorbed by the soil in oxygen is shown in 
156 F. B. SMITH AND P. E. BROWN 
curve III and the amount absorbed by the soil in air is shown in curve 
II, figure 2. During the first 92 hours of the experiment, oxygen ab-
sorption by soil in air was much greater than in an atmosphere of almost 
pure oxygen. However, the final rate of absorption was greater in oxygen 
than in air. The manometer liquid in the apparatus with the flasks filled 
with oxygen registered a decrease at several intervals. No satisfactory 
explanation for the fall in the manometer liquid can be offered at this 
s 
J!_,a 
Fig. 2. Rate of oxygen absorption by soil in air and in oxygen 
time. It could have been caused by a leak in the right cock of the man-
ometer. The cocks were kept well greased and when tested for leaks were 
found to be air tight. That this fall in the manometer liquid was not 
caused by leaks around the cocks of the manometer, is shown by the re-
sults of other experiments where the liquid did not stop at zero but con-
tinued to rise in the left arm of the manometer. The production of a gas 
other than carbon dioxide in the right flask or a change in temperature in 
this flask would also cause the liquid in the manometer to fall. Anaerobic 
conditions would be necessary for the production of a gas which would 
cause this pressure and it is unlikely that anaerobic conditions could ex-
ist; however, this point was studied further in another experiment. 
Two manometers were set up using Tama silt loam which had been 
passed through the 20-mesh sieve in one manometer and Tama silt loam 
which had been ground to pass the 100-mesh sieve in the other manometer. 
The volume occupied by 10 gms. of the soil is increased by grinding but 
the porosity may be decreased if the sample is packed into the same volume 
as the unground soil. The individual pores in the ground soil are, at least, 
smaller than in the unground soil; are more nearly filled with the added 
water and thus conditions might be secured which more nearly approach 
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anaerobic than those in the unground soil. The rate of absorption of 
oxygen by the 20-mesh soil is given in curve I, figure 4, and the rate of 
absorption by the 100-mesh soil in curve II, figure 4. 
The initial rate of oxygen absorption was slightly lower in the finely 
ground soil than in the 20-mesh soil but the final rate was increased con· 
siderably. While these results do not prove aerobic conditions of the soil, 
they indicate that the lowering of the manometer liquid was not caused 
by anaerobic gas production. In order to test this point further, the follow-
ing experiment was carried out. 
Ten grams of air-dry soil were placed in the bottom of the 500 cc. 
Erlenmeyer flasks and the KOH was placed in the small cups. More sur-
Fig. 3. Modified Barcroft 
differential manometer 
0 ao r,,,,,. ;,., 1. ... ,.,,. 
Fig. 4. Influence of grinding on rate of exygen 
absorption by soil. 
face of the soil was thus exposed to the atmoophere of the flask. The flask 
of one apparatus was filled with approximately pure oxygen and the flask 
of the other apparatus was filled with air. Readings were made over a 
period of 105 hours. The results are recorded as millimeters of manometer 
liquid and are shown in figure 5. Curve I represents the soil in air and 
curve II represents the soil in an atmosphere of oxygen. 
These results indicate the evolution of a gas in both apparatus. A 
high initial pressure was developed in the flask with oxygen but normal 
oxygen absorption apparently occurred in the flask filled with air until 
after 60 hours when a pressure was developed. It is also evident that the 
soil in these flasks was not under anaerobic conditions, nor was the fluctua-
tion in the manometer liquid caused by leaks around the manometer cocks 
as these would have been evidenced in the pressure in the flask filled with 
oxygen. 
When the soil was placed in the small cups, it is probable that suf-
ficient heat was developed in the soil to account for the fluctuations in 
the manometer liquid but certainly this development of heat did not occur 
when the soil was spread over the bottom of the 500 cc. flask. The flasks 
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were set up with soil in the small cups in the usual way, fitted with a Beck-
man thermometer and placed in the constant temperature water bath. The 
temperature readings are shown in table 1. 
The results in the table show a slight variation in temperature of the 
soil during 16 hours, the greatest variation being 0.039° C. Assuming that 
.,r,,.,,. ,..,, n-ur.1 
Fig. 5. Fluctuations in height of manometer liquid; I, air; II, oxygen. 
the entire content of the fl.ask was influenced by this increase in temperature, 
it would account for less than 2 mm. pressure in the manometer liquid. 
The fluctuation in pressure in the manometer fl.asks appeared unusual 
since the method has been used by many investigators working along similar 
lines and no record of such behavior had been found in the literature. 
Russell (2) studied several factors influencing oxygen absorption in soils, 
such as moisture content of soil, temperature and fertility of the soil. In 
one case he recorded ''a slight evolution of gas'' brought about by an ex-
cess of moisture. Several tests were carried out in this work with various 
TABLE 1. Temperature changes in soil within flask 
Reading of Change in temp. 
Time Beckman thermometer degrees C. 
0 4~~ 0 
1:30 4.323 0 
2:30 4.323 0 
7: 00 4.357 0.034 
16: 00 4.362 0.039 
18:30 4.320 -0.003 
21: 00 4.330 0.007 
23: 00 4.320 -0.003 
moisture contents of soil and it was observed that this pressure (evolution 
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of gas) occurred at low moisture content as well as at high moisture con-
tent. The temperature of the water bath was even and constant. There-
fore, the fluctuations were not caused by temperature differences outside 
the fl.asks. The heat of wetting of the soil was determined and sufficient 
time was allowed for the fl.asks to come to the same temperature as that of 
the bath before closing the cocks. Even though heat might have been de-
veloped in the small cups containing the soil, it is quite unlikely that this 
was the cause of the fluctuations in the manometer liquid as two small 
samples of the same soil, treated as nearly as possible alike, might be ex-
pected to act in the same way. The pressure, then, was apparently due to 
the evolution of a gas. Samples of air from the fl.asks taken for analysis 
showed a decrease in oxygen, no carbon dioxide and no combustible gases, 
such as hydrogen or methane. It is unlikely also, that nitrogen gas was 
evolved, since the gas was evolved in an atmosphere of nearly pure oxygen 
and the nitrate content of the soil was low. 
SUMMARY AND CONCLUSIONS 
The results secured with the manometers do not represent OxYgen 
absorption alone, but a resultant of several processes, the simplest might 
be OxYgen absorption and the evolution of some non-combustible gas, in-
soluble in potassium hydroxide. The pressure produced in the fl.asks was 
not produced entirely by a difference in temperature either outside or in-
side the fl.ask. No combustible gases (hydrogen or methane) were found. 
The pressure was produced at low moisture content of soil and at high 
concentration of oxygen. The nitrate content of the soil was low and it 
seems unlikely that nitrogen gas was evolved through denitrification. 
It is possible but seems unlikely, that under rapid oxidation, such as 
would take place with dextrose in soil in an atmosphere of oxygen, higher 
temperatures were reached in the experiments where a pressure was pro-
duced than were measured by the Beckman thermometer. This possibility 
is being studied further. 
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Constant temperature waterbath and manometers. 
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Relatively little is known regarding redox equilibria in bacterial cul-
tures, and studies correlating electrode potentials developed by micro-
organisms with physiological behavior offer a promising field to the biologist. 
Since the electron-tube potentiometer for the measurement of redox 
potenfials is in a state of development, and the apparatus and its use 
embody certain conceptions and terms unfamiliar to many biologists, it 
was felt desirable to relate our experiences and give the details of the 
construction of several electron tube potentiometers with which we have 
worked on bacterial cultures during the past two years. 
Living cells have the ability to influence the reversible redox potentials 
of suitable media. This change in potential can be determined by the use 
of electrodes of the noble metals such as platinum or gold. It is necessary 
in making these potential determinations to avoid polarization of the 
biological system, and to do this the use of an electron tube potentiometer 
is recommended. Thus if we can accurately determine the time-potential 
graph of a bacterial culture, such a graph should express a definite relation-
ship to the reversible biological oxido-reduction processes taking place with-
in the culture. 
Courtines and Geloso (1930), Plotz and Geloso (1930), Elema (1932) 
working in Kluyver's laboratory and Allyn and Baldwin (1932) have used 
the electron tube in the determination of redox potentials. The reader is 
referred especially to the monograph of Elema for a thorough discussion. 
This investigator, also used the apparatus with a glass electrode for the 
determination of pH values. Allyn and Baldwin do not mention the type 
of tube employed in their work; Plotz and Geloso (1930) used a tube per-
mitting measurement of one millivolt with a grid current of 10--15 amperes. 
Their circuit is substantially that used by Allyn and Baldwin. Elema 
(1932) appreciated fully the desirable characteristics of a tube to be used 
in making redox potential readings and pH determinations with a glass 
electrode. He used the Philips tube 4060, for which the maximum grid 
current is advertised as of the order of 10-14 amperes, though the grid-
plate transconductance of this tube is quite low and the cathode current 
consumption is high-1.0 ampere. 
DuBois (1930) used an electron tube potentiometer which was operated 
successfully with glass electrodes having a resistance as high as 100,000 
megohms. He employed the common '22 type screen grid radio tube. The 
circuit was a modification of that of Stadie (1929) which was less com-
plicated and in which drift had been eliminated. 
Fosbinder ( 1930) describes an electron tube potentiometer for use 
---
1 Supported by the Industrial Research and Rockefeller Fluid Research Funds of Iowa 
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with high resistance systems. He likewise used the screen grid '22 type 
tube. 
DISCUSSION OF ELECTRON TUBES AND THEffi CHARACTERISTICS 
It is desirable that the biologist who plans to construct an electron 
tube potentiometer refer to one of the standard radio manuals in order to 
familiarize himself with certain basic definitions. 
The electron tube consists of an evacuated glass bulb within which are 
placed a filament (cathode), a grid and a plate (anode). The heated fila-
ment emits electrons which pass to the positively charged plate. The plate 
current depends upon plate voltage, temperature of filament, resistance 
of external and internal plate circuits, the grid resistance and the grid 
potential. Upon the gtid is generally imposed a negative charge. Any 
fluctuation of the grid voltage is reflected on the plate current, any decrease 
of the negative charge will result in a greater fl.ow of the electrons from 
the filament to the plate, whereas, if the grid becomes more negative the 
fl.ow of electrons will be repulsed. The correct voltages to be applied to 
the electrodes are determined by the characteristics of the tube. The un-
known potential of the biological system is placed on the grid. It is more 
accurate not actually to measure the current change on the plate, but to 
compensate potentiometrically for this change, thus using the tube as a zero 
instrument. The biological system does not supply any current to operate 
the galvanometer; the plate current and a feed-back from the filament cur-
rent serve this purpose. The grid current is extremely small depending 
upon the characteristics of the tube. For very accurate work the General 
Electric Company has placed on the market their FP-54 tube. A current 
of 1 x 10-1 5 ampere (equivalent to approximately 63 electrons per second) 
may be measured accurately with this tube. 
A relationship exists between grid voltage and filament voltage where 
the grid current is zero and polarization of the biological cell is reduced 
to a minimum during measurement of the voltage. This grid potential at 
which the grid current is zero is called the floating grid potential and is 
the potential assumed by the grid on open circuit in an ideal tube. In our 
work no attempt was made to work the tube at its floating grid potential, 
since the grid current of our circuits was sufficiently low to preclude polari-
zation disturbance. It is important to shield the grid and its parts care-
fully. 
The electron tubes in the potentiometric apparatus to be described, 
function as voltage amplifiers to produce marked current change in the 
plate (anode) circuit induced by very small voltage change on the grid by 
the reversible biological oxidation-reduction systems. Figure lA, illustrates 
this current magnification induced by grid voltage change. The high ratio 
of change of plate current to grid voltage change at low grid voltage is 
apparent. 
The essential consideration in constructing an electron tube potentio-
meter is the choice of a suitable tube with proper circuit. We have used 
a number of tubes all obtainable from radio dealers. The very sensitive 
FP-54 tube of the General Electric Company is not considered here because 
of its cost. 
The characteristics of a tube may be defined as the distinguishing 
electrical features and values which serve to identify the tube. Character-
istics may be plotted (see figure lA) or tabulated. 
It is desirable to choose a tube having a large mutual conductance 
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(grid-plate transconductance) defined as the ratio of change in the plate 
current to (and produced by) a small change in the grid voltage under 
conditions of constant plate voltage. Tubes of the type '12A, '22, '24A, 
'32, 58 and '99 used in the apparatus to be described have large mutual 
conductances. Harrison (1930) pointed out that if a high resistance of 
the order of 108 ohms is placed in the grid circuit, a considerable change 
occurs in this characteristic of the tube since the filament-grid resistance 
of the ordinary tube is of the order of magnitude of 108 ohms. 
The voltage sensitivity is the change in plate current with change in 
grid voltage under conditions of operation, that is, all resistances in the 
circuit are small in comparison with those in the external grid and in the 
plate circuits. Since the resistance of the culture is low, the maximum 
sensitivity of the tube is substantially equal to the mutual conductance. 
The grid current of the modern tube at the grid potential employed is very 
low and general experience indicates too low to cause appreciable polari-
zation. 
At a certain low value of the imposed grid potential change, deflection 
of the galvanometer needle due to zero drift becomes of a magnitude com-
parable to that caused by the imposed grid voltage change. It is obvious 
that drift from zero galvanometer reading while the electron tube potenti-
ometer fa in use is annoying. It is to be noted that this drift may be 
caused by the fluctuation of electronic emission from the filament when 
the drift is uniform and in one direction or to body capacity when the drift 
is violent and in both directions. Shielding of the set and the use of bat-
teries in good condition reduces zero drift to a minimum. The grid lead 
should be kept short. 
The amplification factor, or µ jg the ratio between a small plate voltage 
change and grid voltage change, both producing the same plate current 
change. Thus, if a grid change of 5 volts and a plate change of 10 volts, 
both independently produce the same plate current change, the amplifica-
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tion factor is l~O = 2. A tube with an amplification factor of four per-
u 
mits twice the plate voltage variation with a resulting plate current change 
of the same amperage as the former tube. The amplification factor is an 
expression of the ability of a tube to amplify voltages. A tube having a 
high amplification factor is commonly referred to as a 'high mu' tube. In 
the present application of the electron tube, the plate current is maintained 
constant. The amplification factor is related to the mutual conductance 
according to the equation: 
t l d t amplification factor mu ua con uc ance = . plate to filament resistance 
It is desirable to choose a tube which operates on a low current con-
sumption unless it is to be operated from a lighting circuit. Tubes of the 
'99 and '32 type operate on 0.06 ampere, whereas, the '35 tube consumes 
1.75 amperes which would be a heavy drain on a storage or dry battery, 
and would lead easily to current fluctuation on the fl.lament. 
Filament current and grid current fluctuations were reduced to a 
minimum by using part of the filament current to pass through the gal-
vanometer in opposition to the plate current. In the case of tubes 58 and 
57 a battery furnishing 1.5 volts was supplied since these tubes do not 
employ a direct filament current. Introducing the opposed current by 
either method has the advantage of permitting the galvanometer to be 
operated as a zero instrument. 
The electrodes of an electron tube act as plates of a condenser, thus 
forming an electrostatic system. The condenser action (capacitance) be-
tween the grid and the plate is of greater importance than that between 
the cathode and plate or that between cathode and grid. The most effective 
method of avoiding influence of grid-to-plate capacitance is the use of a 
fourth element or electrode called the screen, placed between the plate and 
the grid. The screen voltage determines largely the electron-fl.ow, and the 
small changes of plate voltage have only a negligible effect on plate current 
and this is desirable from the standpoint of stability of operation. The 
screen does not prevent the fl.ow of electrons to the plate but does act as 
an electrostatic shield between the grid and plate and reduces capacitance 
of the grid-plate. 
In the pentode electron tube (type 57 and 58) a fifth electrode called 
a suppre.ssor is added to prevent escape of electrons from the plate, which 
occurs if electrons moving at a high rate of speed strike the plate and dis-
lodge electrons. This escape of electrons is termed secondary emission. In 
the case of screen grid tubes of the tetrode type the presence of the screen 
in close proximity to the plate strongly attracts these electrons, lowering 
the plate current and limiting the permissible plate swing. In our use of 
the screen grid in tube 58, it has been tied into the plate circuit and carries 
a charge less positive than the plate, thereby retarding the flight of vagrant 
electrons from the plate. 
Figure lB shows the mutual conductance of the 58 tube at different 
grid voltages, reaching a maximum characteristic at the lower voltages. 
We have used generally, -1.5 volts on the grid electrode through a re-
sistance. Figure 2 shows the effect of plate voltage change on plate current 
change at different grid potentials. 
An electron tube is referred to as a triode, tetrode or pentode depend-
ing upon the number of elements. 
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Filament or heater current. Either dry cells, air-cell battery or storage 
batteries may be used to furnish current to a filament. The use of dis-
carded automobile batteries which have only one cell useless is recommend-
ed for economy. Tube '32 requires 2.0 volts and the '99 operates on 4 
volts with an amperite to reduce the voltage to 3.0-3.3. A 30 ohm variable 
resistance may replace the amperite. 
Tube 58 operates from a step-down transformer operated on 110 a.c. 
and providing a take-off of 2.5 volts. The heater in turn, heats the thoriated 
cathode which emits an electron fl.ow. 
Grid voltage supply. We have used a radio "C" battery or a dry 
cell. A tap from the 'B" or plate battery may be used. The grid has 
been maintained negative with respect to the cathode. 
Plate voltage suppZy. A radio "B" battery has given good service 
in all our sets and no attempt has been made to use a rectified a.c. supply. 
The plate voltage has been kept at a minimum to improve stability of 
operation. 
Screen voltage supply. The positive voltage for the screen grid (tube 
58) is obtained from a tap on the plate battery (B-supply). Reduced screen 
voltage lowers mutual conductance of the tube and results in decreased 
gain per stage. 
CONDITIONS OF OPERATION OF TUBES 
Type '32. The '32 type is a screen grid tube, containing a thoriated 
filament which operates on a low amperage (0.06) consistent with perform-
ance. For laboratory purposes, operation is recommended in connection 
with an air-cell battery. We have satisfactorily employed a single cell of 
a storage battery. These have been discarded automobile batteries in which 
at least one cell was operating. No filament resistor is required unless tube 
is operated from a dry battery or an air-cell battery when a variable re-
sistor or fixed resistor is inserted to give a voltage not to exceed 2.15 volts. 
The negative grid bias used was 1.5 volts on the control grid through 
resistance. The screen is tied back to the plate to improve mutual conduct-
ance. To insure a more stable operation, relatively low plate and filament 
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voltages are used. Maximum stability is obtained when the relationship 
of the :filament, grid and plate potentials is such that the tube is operated 
so that the tangent to the plate voltage-plate current curve passes through 
the origin. 
The high grid resistance necessitates shielding from electrostatic in-
duction. The interior of the cabinet is lined with heavy lead foil connected 
with a ground. The tube and grid lead are likewise shielded and grounded. 
The '32 type of tube under radio operating conditions is advertised 
as having a mutual conductance of 650 micromhos and an amplification 
factor of 780. The base is the medium 4-pin. 
Type '99. The '99 type is a triode of low filament amperage (0.063) 
and operating on a :filament voltage of 3.3 volts, maximum. Our voltage 
was obtained from a discarded automobile battery with two cells operating 
( 4 V). An 'amperite' is inserted in the circuit to reduce the voltage to 
3.3 volts. The mutual conductance of this tube is advertised as 425 mi-
cromhos and the amplification factor 6.6. 
Four and one-half volts have been imposed on the grid through a 
resistance of seven megohms with a plate potential of 22.5 volts. 
Type 58. The 58 is a triple grid super-control amplifier tube with a 
fifth electrode or suppressor. The tube has an extended mutual conduct-
ance operating range. The suppressor has been connected directly with 
the cathode. The use of 110 volts, alternating current by this tube permits 
operation from the lighting circuit and eliminates working with storage 
cells and their attendant charging, adding of distilled water and danger 
of ]Jijury from acid. 
The mutual conductance of this tube is advertised as 1600 micromhos 
and the amplification factor 1280 with a negative grid bias of -3 volts 
minimum. When the negative grid bias is changed to -50 volts the mutual 
conductance drops to 2 micromhos. Plate resistance is 800,000 ohms. Heat-
er current 1.0 ampere. The tube has the small 6-pin base with grid on top. 
BIOLOGIOAL SYSTEM 
Oxidation-reduction potentials were observed by using an electrode 
composed of a short length of spiral platinum-iridium wire sealed into the 
end of glass tubing which was filled with mercury to make connection with 
the_ potentiometer circuit. In all cases, the saturated calomel half-cell was 
used as a reference electrode. 
Potential readings were made on fermentations carried out in 500 cc. 
or larger Pyrex Erlenmeyer flasks. These flasks were closed with a four-
hole rubber stopper which held the platinum electrode, the saturated KCl-
agar bridge, gas outlet and siphon sampling tube. The exterior end of 
the sampling tube was equipped with a pinchcock and was inserted into 
a plugged sterile test tube. 
Before use, the electrode assembly was sterilized by autoclaving in an 
empty flask. The agar-bridge was carefully filled with hot saturated KCl-
agar. Care must be taken to keep the parts sterile and to allow the agar 
to cool without the formation of bubbles. The electrodes were then placed 
in freshly inoculated culture flasks. 
DESCRIPTION AND USE OF APPARATUS 
The materials for the assembly of the vacuum-tube potentiometers de-
scribed are parts which are readily obtained from dealers in radio equip-
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ment or may be made by the experimenter. Special precaution should be 
used in purchasing variable resistances as it is important to use only those 
which give positive contact and smooth action. All connections should be 
soldered with rosin core solder. 
APPARATUS EMPLOYING THE '99 TYPE TUBE 
The hook-up is given in figure 3. The variable resistances are those 
of the radio type and need not have the exact resistances as indicated since 
they are variable. The two resistances R6 are of the fixed radio type and 
must be balanced. Values of the magnitude of 10 megohms were found 
by experiment to be sufficient to reduce polarization of the biological system 
to a minimum and to permit efficient operation of the apparatus. 
Operation. The electron tube potentiometer must first be adjusted so 
that the galvanometer shows no deflection. With switch S1 thrown to posi-
tion 1, the plate resistances R1-R, are adjusted until the galvanometer reads 
"zero" when K 1 is closed. Since the plate current may be increased or 
decreased by a change of potential of the negative grid bias, "C", the un-
known source of potential is imposed upon the grid, and the galvanometer 
indicates any change in the system. In other words, with the vacuum tube 
"in balance" S1 is thrown to position 2 so that the potential generated in 
the potentiometer circuit and opposing biological system being measured, 
is now balanced by adjustment of the potentiometer until the galvanometer 
again reads zero. The scale reading gives the voltage of the unknown 
system. A standard cell is included in the circuit for the purpose of 
calibrating the potentiometer. To do this the grid-plate circuit is balanced 
as usual, then S1 is thrown in position 2, S2 is ''up'' and S3 is thrown to 
Fig. 3. Electron tube potentiometer using '99 type tube. 
Pot. 
s,, s., s. 
F. 
K, 
"A", "B", "C" 
Key to Fig. 3 
Student type Leeds and Northrup Potentiometer 
Double-pole, double-throw switches. (S. is reversible). 
Filament switch. 
Tapping key (mercury switch). 
Filament, plate and grid batteries respectively. 
b Potentiometer battery. 
R (600 ohms), R, (200,000 ohms), R, (50,000 ohms), R. (50,000 ohms), R, (800 
ohms), R, (30 ohms) 
R, 
G 
V.T. 
Cal-, Pt.+ 
c.s. 
Gr. 
Variable resistances. 
Fixed resistances (10 megohms). 
Sensitive galvanometer 
Radio vacuum tube, No. 199 R. C. A. 
Leads to calomel half-cell and platinum (or gold) electrodes. 
Standard cell. 
Ground connection. 
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position 2. The standard cell is protected by a fixed radio resistance of 
,W,000 ohms. If at the same time K1 is closed the galvanometer should 
show no deflection when the potentiometer is set at the voltage of the 
standard cell. Unless balance is thus obtained the galvanometer auxillary 
resistance R is adjusted until balance is secured. R is a variable radio 
resistance mounted on panel. Finally, with the electron tube potentiometer 
adjusted, 0-R and pH readings may be taken. With S1 in position 2, S2 
in either closed position (by trial, and S3 in position 1), the potentiometer 
is again adjusted to zero galvanometer reading and the scale reading gives 
the required potential. 
The parts of the electron tube potentiometer were arranged on a ver-
' tical panel of Bakelite and mounted in a discarded radio cabinet on a rect-
angular wooden base which had been well paraffined. All wiring was 
heavily insulated and covered with paraffin. Body-capacity effects were 
largely eliminated by grounding to the water pipe. 
APPARATUS EMJ>LOYING THE '32 TYPE TUBE 
This tube is one of the screen grid type and is economical as to current 
consumption, having a filament rating of 0.06 ampere. Figure 4 gives the 
set-up of the apparatus using this tube. 
The circuit is essentially that of Harrison (1930) in which a galvan-
ometer is used as the null-point instrument. The plate current fl.owing 
through the galvanometer is balanced by the compensating current from 
the filament battery. The biological-potentiometer system is in the grid 
circuit. To put the set in operation close the ''A'' battery circuit by means 
of the filament-resistance switch r 7 and allow the filament to reach a con-
stant temperature (only a few minutes required). At this time switches 
K and "S" are open. Now close "S," position 1, close s1 and close mercury 
switch K. Adjust resistance R until the galvanometer shows zero deflection. 
When the apparatus is first set up it will be necessary to find some value 
of resistances r 1,r2 and r 3 which may need to be cut in by their respective 
switches s, but when this value is once found for a given tube, R will e·asily 
bring about a balance of the plate-filament current through the galvano-
meter. This resistance will vary somewhat with the individual tube. How-
ever, the resistance R, will compensate for the variation due to individual 
tubes. With the plate circuit balanced, set the potentiometer (Pot) to 
the reading of the standard cell, set '' S'' in position 2. Open s1 and adjust 
the potentiometer resistance Rh until the galvanometer again reads zero. 
The usual precautions are to be observed in avoiding polarization of the 
standard cell. The standard cell has been protected by introducing a radio 
resic;;tor of 10,000 ohlllS. The variable resistance Rh is an 800 ohm radio 
resistor. After the potentiometer is balanced return "S" to position 1. With 
the biological cell terminals short-circuited there should be no galvano-
meter deflection when s1 is opened or closed. The biological system or other 
source of unknown e.m.f. is connected in the circuit at X so that with s1 
open, the potentiometer is adjusted until the galvanometer reads zero, then 
from the potentiometer read the unknown potential. We have used a 
saturated calomel cell as a reference electrode. Platinum, platinum-iridium, 
or gold electrodes were found satisfactory. 
APPARATUS EM.PLOYING 58 TYPE TUBE 
A.C. radio tubes of the 58 type present a different problem in circuit 
design than the '32 type. Figure 5 shows the set-up used with this tube. 
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Fig. 4. Electron tube potentiometer, using '32 type of tube. 
Key to Figure 4 
Radio .tube '32 type. 
Filament battery, one cell of storage battery or air-cell. 
Plate battery, 45 volt radio battery. 
Grid bias battery, any type of dry battery having 1.5 volt tap. 
L. and N. student potentiometer. 
Radio potentiometer, 400 ohm. 
Switches. 
Grid short-circuiting switch. 
Mercury switch. 
Galvanometer. 
Ground connection. 
Tube shield. 
Filament switch-resistance, 30 ohm. 
Variable resistances in series. (75,000, 2,500 and 800 ohms) 
Potentiometer resistance, 800 ohm. 
Potentiometer battery, 2 dry cells in series. 
Gang switch (2 double pole-double throw switches tied together). 
Unknown e.m.f. (biological system). 
Standard cell. 
Plate resistor. (75,000 ohms) 
Plate resistor. (50,000 ohms) 
Plate resistor. (50,000 ohms) 
Grid resistor, 10 megohms. 
Protective resistor for galval}.ometer, 10,000 ohms. 
Protective resistor for Std. cell, 10,000 ohms. 
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An ordinary transformer T, as used in A.C. radio sets furnishes the heater 
current of 2.5 volts. Transformer should not be placed near grid or plate 
circuits. The '' B'' and '' C '' batteries are the same as those used with the 
'32 tube, but a "D" battery (dry cell) supplies the compensating current 
through the galvanometer. The additional elements of suppressor and in-
directly heated cathode differentiate this tube from the other types. It 
will be seen from the diagram that the cathode and suppressor are tied to-
gether while the screen grid is connected to the '' B '' battery but at a lower 
positive value than the plate. The grid circuit contains the potentiometer 
and biological system in the same manner as in the apparatus using the 
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'32 type tube. Plug the connector cord into a light socket and allow a 
few minutes until the cathode reaches a constant temperature. With the 
grid short-circuiting switch closed and '' S'' set to position 1 adjust R until 
the galvanometer reads zero when K is closed. Set "S" at position 2 and 
adjust the potentiometer to the standard cell in the usual way. The ap-
paratus is now ready to test for the unknown e.m.f. This is done in the 
same manner as with the '32 type apparatus. 
An: 
Vt 
T 
"B" 
"C" 
"D" 
Pot 
G 
8 
K 
R 
p 
p, 
Gr 
TB 
r 
Gr: 
. 
l-e====:~~T 
Gr.~~ )JS 
R 
s 
Fig. 5. Electron tube potentiometer using 58 A. C. tube 
Key to Figure 5 
58 Radio tube. 
p 
Step-down tarnsfonner for 110 volts, primary with 2.5 volt secondary tap. 
Shielded and grounded. 
Radio plate battery 45 volts. 
Grid battery 1.5 to 4.5 volts. 
Compensating plate current battery, dry cell. 
L. and N. student potentiometer. 
Galvanometer. 
Switches. 
Mercury switch. 
Variable resistances in series, 75,000, 25,000, 5,000 and 800 ohms. 
Potentiometer, radio type, 5,000 ohms. 
Potentiometer, radio type, 3,000 ohms. 
Ground. 
Tube shield. 
Grid resistor. (3,000 ohms) 
Galvanometer protective resistance, 10,000 ohms. 
Unknown source of e.m.f. (culture). 
USE OF MERCURY SWITCH 
It has been our experience that the ordinary tapping key in the gal-
vanometer circuit is the cause of fluctuations of the galvanometer needle. 
These variations are caused by the varying pressure in changing the con-
tact resistance of the key. To overcome this difficulty a mercury switch 
was constructed as shown in the diagram figure 6. The outer vessel was 
a large test tube having a platinum wire Pt, sealed in the bottom. About 
two centimeters from the bottom of this tube a short side-arm was sealed 
{ 
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on. This side-arm also had a platinum wire 
terminal. A second but smaller test tube was 
used as a plunger or piston. Mercury was 
placed in the bottom of the larger tube until 
it supported the piston but failed to fill the 
side arm. It is now clear that by depressing 
the piston f, the mercury rises and makes con-
tact through the platinum leads. This switch 
serves as a tapping key and also as a closed 
circuit switch since the shoulder of the piston 
at a, may be engaged with the lip of the outer 
vessel at b. As the galvanometer is equipped 
with a protective resistance and since the cur-
rent through the galvanometer is too small to 
injure the instrument when approximate bal-
ance is found, K may remain closed. 
USE OF SINGLE GANG MULTIPLE SWITCH 
Figure 7 7shows a single gang multiple 
K switch which has been of service in making 
series of determinations. The red§x potentials 
of 15 fermentations can be made rapidly and 
without disturbing the fl.asks by setting the 
switch to the numbers corresponding to the 
fl.asks and making the readings in the usual 
manner. The saturated calomel cell is con-~ nected to the saturated KCl-agar electrode by 
Fig. 6. Mercury switch means of a small rubber tube filled with sat-
urated KCl solution. Glass t-tubes are in-
serted at intervals in the rubber tubing to provide leads to the individual 
KCl-agar electrodes. A switch is provided to throw out the biological sys-
tems. The common electrical connection to the platinum electrode is shown 
in figure 7. A similar multiple switch built into the apparatus is shown in 
.plate I near the upper left hand corner of the istrument. The switch shown 
T 7 
T' 
TS 
T4 
T ,j 
T2 
,. I 
T 
7 a 9 
G • • • 10 
:~··.Un 
3•~ .1! 
• • 14 
2 • •15 I 
s .,. P.f 
10 T 
II T 
11 T 
·/3 T 
/4 T 
/§T 
Fig. 7. Multiple switch. Pt. is the common connection to the platinum electrode 
terminal on set. S is a switch. 
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in figure 7 was constructed of Bakelite using brass screws with the heads 
ground down for terminals. · 
SUMMARY 
Three electron tube potentiometers suitable for the determination of 
redox potentials in bacterial cultures have been described. The apparatus 
uses inexpensive electron tubes obtainable from radio dealers. The appa· 
ratus has been in use for several months and gives consistent and repro· 
ducible readings. 
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Butter, action of nitric acid on, 490 
color defect in, 487 
Butter colors, action of reagents on coal 
tar dyes used in, 489 
Butter, migration -Of bacteria through, 453 
Butyl-acetone group of bacteria, 93 
Cactaceae (Cactus family), 225 
Calcium arsenate, for beetles, 495 
Callitrichaceae (Water Starwort family); 
221 
Campanulaceae (Bluebell family), 240 
Capparidaceae (Caper family), 212 
Caprifoliaceae (Honeysuckle family), 238 
Carassius awreus, 482, 484 
Carbon dioxide aa index of fertility of soil, 
153 
Carbonyl compounds, precipitant for, 445 
Changes in the pectic constituents of toma-
toes in storage, 467 
Carbohydrates, alkylated, literature o.f, 
119, 133 
alpha-Carboxylic group, 429 
Caryophyllaceae (Pink family), 205 
Celastraceae (Staff Tree family), 221 
Cellan, 125 
Cellobiose, 121 
Cellodextrin, 125 
Cellotetrose, 122 
Cellotriose, 122 
Cellulose, 124 
acetate rayon, quantitative estimation of 
in presence of wool, silk or cellulose, 
72 
acetate rayon solvents, effect of on cot-
ton, 60 
cotton, 57, 69 
cotton, in presence of union textiles, 57 
cotton, solubility of, 62, 63, 66, 67 
Cellulose, production of, from cornstalk, 18 
regenerated, quantitative estimation of, 
65 
regenerated, solubility of, 65, 66, 67, 68 
solvents, regenerated, 60 
Ceratophyllaceae (Honewort family), 207 
Chenopodiaceae ( Goosefoot family), 204 
Cistaceae (Rockrose family), 224 
Clostridiwm, aoetobutylicum, 107 
Cl. acetonige'llllllm, 107 
Cl. Beijerinckii, 107 
Cl. butylicwm, 107 
Cl. butylicus, 107 
Cl. butyricum, 107 
Cl. felsinewm, 107 
Cl. Pastewriamim, 107 
Cl. peotino11orwm, 107 
Cl. saccharobutyricwm, 107 
Commelinaceae (Spiderwort family), 195 
Contin~ous media, dynamics of, 387 
Convolvulaceae (Conv.olvulus .family), 230 
Cotton cellulose, quantitative estimation of, 
57 
quantitative estimation of wool in pres-
ence of, 69 
Cotton, effect of silk solvents on, 58, 59 
effect of wool solvents on, 57 
2-Chloroethyl fHurylacrylate, 427 
Coal tar dyes in butter colors, 489 
Coccidium of the rat, 505 
Coleoptem, 397 
Color defect in butter from sulphur 
dioxide, 488 
Cornaceae (Dogwood family), 228 
Compositaceae (Composite family), 240 
Corn cobs, pentosans from, 29 
Cornstalk, constituents of, 17 
structural tissue in, 17 
pulping of, 18 
separation of, 17 
Cornstalks, xylan of, 407 
Crassulaceae ( Orpine family), 212 
m-, p-Cresyl furoate, 4~1 
m-, p-Cresyl .furylacrylate, 424 
Cruciferaceae (Mustard family), 209 
Cucurbitaceae (Gourd family), 239 
Cylindrium sua11eolens, n. comb., 436, 437 
Cyperaceae (Sedge family), 190 
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Decarboxylation temperatures of some 
furoic acids, 429 
Derivatives, triose, tetrose and pentose, 133 
Determination of the furfural yielding 
constituents of plant materials, 443 
de Vains process, 18, 23 
Digestive tract and appendages of the 
chicken, 290 
Digestive tract of Gallus domestioos, 261 
Dimethyl glucoses, 143, 144 
2-, 4-Dinitrophenylhydrazine, 445 
Diols, preparation of, 383 
Dioscoreaceae (Yam family), 197 
Diphenyl triose, 133 
Disaccharides, literature on, 119, 120, 121, 
122 
Dusting from airplane, for beetles, 493 
Elaeagnaceae ( Oleaster family), 225 
Electrodes, glass, 111, 112, 114 
hydrogen, 111 
quinhydrone, 111 
use of, with biological fluids, 111 
Electron tube potentiometers, 169, 170, 171, 
172 
.for .determination of redox potentials in 
bacterial cultures, 163, 168 
for use with glass electrode, 111 
simplified circuit for, 112, 113, 114 
Electron tubes and their characteristics, 
164 
Enzymes, amyloclastic, 253 
precipitates, activity, of solid, 255 
saccharogenic, 253 
of wheat, 253 
starch-digesting, 253 
sugar-forming, 253 
Equisetaceae (Horse-tail family), 181 
Ericaceae (Heath family), 228 
Ethylene glycol, decomposition of, 385, 386 
in acid solutions, 385, 386 
stability of, 383 
Euphorbiaceae (Spurge family), 220 
Fagaceae (Beech family), 200 
Ferns and fern allies, represented in Iowa 
State College herbarium, 179 
Fibers, textile, 57 
Fibroin, silk, 1 
Filament or heater current, 167 
Flights of beetles, time of, 397 
Flora, Iowa, 177 
Fructose derivatives, 139 
Fumariaceae (Fumitory family), 209 
Furan compounds, insecticidal action of 
some, 419 
insecticidal action on flies of, 428 
Furfural, yield of, in extracting pentosans, 
33 
yielding constituents of plant materials, 
443 
method to determine, 449 
Furoic acids, decarboxylation temperatures 
of, 429, 430 
Galactoses, 136, 137 
GalT!us domesticu.s, 261 
changes in digestive tract of, 273 
digestive tract of, 261 
gross anatomy, 272 
Gelatin liquefiers, 107 
Gelatinolysis, determination of, 93, 107 
maximum temperature, 93, 100 
mercury-protein precipitation method, 
94, 100 
viscosity method, 95, 101 
Gentianaceae (Gentian family), 229 
Gentiobiose, 120 
Geraniaceae (Geranium family), 219 
Glass electrode, calibration of, 114 
Gluco-heptose, 126 
Glucose, derivatives, 140, 141 
derivatives, tri- and tetra-alkylated 144 
Glutaric acid derivatives, 136 ' 
Glycerol, 133 
Glycol, determination of, 383 
Glycosides, 126 
literature of, 119 
Graminaceae (Grass family), 
Grid voltage supply, 167 
Guaiacol furoate, 42·1 
furylacrylate, 424 
Guttiferaceae (Hypericaceae) ·(St. John's-
wort family), 223 
Gyrimospermae, represented in Iowa State 
College herbarium, 181 
Haloragidaceae (Water Mi.lfoil family), 
226 
Hamamelidaceae (Witch-Hazel .family) 
213 . ' 
Heterocyclic compounds, nitrogen, 477 
Hippocastanaceae (Horse chestnut 
family), 222 
Homoptera-Aphiidae, 499 
Hydrocharitaceae, 183 
Hydrogen ion concentration for optimum 
activity of wheat amylase, 257 
Hydrolysis, acid, 72, 77 
alkaline, 73, 78 
of pentosans from corn cobs, 29 
Hydrolytic methods, for separation of 
cotton cellulose, 65 
Hydrophilic colloids, 467 
Hydrophyllaceae (Waterleaf family), 231 
Hydroquinone difuroates, 424 
o-Hydroxyphenyl furylacrylate, 425 
p-Hydroxyphenyl furylacrylate, 424 
Insecticidal action, of furan compounds on 
flies, 428 
in the nitrogen heterocyclic compounds, 
477 
of some furan compounds, 419 
of some furan compounds, table o.f, 422, 
423 
Inulin, 123 
Iowa flora, 177 
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Iridaceae (Iris family), 197 
Ixodes sculptu.s Neuman (Ixodidae), 35 
Ix<>des sculptu.s, 35 
adult, 40 
description of, 36 
distribution of, 35 
habits of, 40 
host relation of, 35 
larva of, 38, 39 
life cycle of, 40, 42 
life history, 37 
literature on, 35 
nymph, 39 
Juglandaceae (Walnut family), 199 
Juncaceae (Rush family), 195 
Juncaginaceae, 183 
June beetles, control of, 493 
grups of, 397 
habits of, 397 
Labiataceae (Mint family), 232 
Lactose, 119 
Leguminaceae (Pea family), 215 
Leguminosae, pollen o.£, content of, 50 
pollen of, description, 47, 48, 49 
pollen of, morphology of, 43 
Lemna, growth of, 13 
growth of, under sterile conditions, 13, 
14, 15 
technique of, 13 
transfer chamber, 13, 14 
Lemnaceae (Duckweed family), 194 
Lentibulariaceae (Bladderwort family), 
237 
Lethal factors in death of oocysts of 
Efflieria miyairii, 505 
Levan, 123 
Life history and habits of Ixodes sO'!dptu.s 
Neuman (Ixodidae), 35 
Liliaceae (Lily family), 195 
Linaceae (Flax family), 219 
Literature o.£ alkylated carbohydrates. 
VII. Alkyl derivatives of disacchari-
des, polysaccharides, glycosides, and 
miscellaneous substances, 119 
Loasaceae (Loasa family), 224 
LupVrw.s albu.s, 482, 484 
Lycopodiaceae (Club Moss family), 181 
Lythraceae (Loosestrife family), 225 
Lyxose, 134 
Malonic acids, 431 
Maltose, 120 
Maltotetrose, 123 
Maltotriose, 122 
Malvaceae (Mallow family), 223 
Mannose derivatives, 137 
Manometers, use of in oxygen absorption, 
159 
Martyniaceae (Martynia family), 237 
Melibiose, 120 
Melezitose, 120 
Menispermaceae (Moonseed family), 209 
2-, 3-Methyl glucose, 140, 141 
4-, 5-, 6-Methyl glucose, 142 
n-Methylpyrrolidine compounds, toxicity of, 
484 
Metallic salts in weighted silk, 1 
Microscopic anatomy of the digestive tract 
of Gallu.s domesticu.s, 261 
Migration of bacteria in butter, methods of 
study, 454, 456 
Migration of bacteria through butter, 453 
Miscellaneous disaccharides, 122 
Mold, aroma-producing, 433 
cultural characters, 434 
morphology of, 433 
Mono- and di-alkylated glucose derivatives, 
140 
Monomethyl ether of 2,4- di-hydroxybenzo-
furan, 420 
Monomethyl, galactoses, 136 
mannose, 137 · 
Moraceae (Mulberry family), 201 
Mutual conductance, equation of, 166 
Najadaceae, 183 
Natural alkylated carbohydrates of debat-
able structure, 148 
Nicotine, 478 
as an inaecticide, 477 
toxic values of, 483 
Nitrogen heterocyclic compounds, insec-
ticidal action in, 4 77 
Notes on the habits of June beetles in 
Iowa (Phyllophaga-Coleoptera), 397 
Nyctaginaceae (Four-O'Clock famliy), 205 
Nymphaeaceae (Pond Lily family), 206 
Observations on the winter survival of 
plant lice in Iowa (Homoptera-Aphiidae), 
505 
OidVwm. suaveolens, 436, 437 
Oleaceae (Olive family), 229 
Onagraseae (Evening Primrose family), 
225 
Oocysts of Eimeria miyairti, 505 
thermal death point of, 505, 506, 507 
Ophioglossaceae (Adder's Tongue family), 
179 
Orchidaceae (Orchis .family), 197 
Orobanchaceae (Broom-rape family), 237 
Osmundaceae (Flowering Fem family), 
179 
Oxalidaceae (Wood-Sorrel family), 219 
Oxidation-reduction potentials, observation 
of, 168 
Oxygen absorption, in soils, 153 
measurement of, 153, 154 
rate of, 155, 156, 157 
Papaveraceae (Poppy family), 209 
Partition of, constituents of plant tissue, 
26 
the constituents of the comstalk by the 
action of alkali, 17 
fibrous material, diagram of, 20 
Pectic compounds, rate of decomposition, 
467 
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Pectin, influence of tempearture on, 474 
percentage of, in tomato, 474 
weight of, 472 
Pentode electron tube, 166 
Pentosan, destruction of, by cooking, 21, 22 
Pentosans, 443 
extracted from corn cobs, treatment of, 
33 
extracted from corn cob meal, 29 
from corn cobs, hydrolysis of, 29 
preparation of, 29 
recovery of 26 
removal of, 26 
Pentose derivatives, 133, 134 
Pentoses, 443 
Phenyl furylacrylate, 424 
Phopalosiphwm prumfoliae, 500 
Phrymaceae (Lop-seed family), 238 
Phyllophaga-{Joleoptera, 397 
adults of, 397 
collection data for, 402, 403 
copulation notes on, 399 
proportion of sexes collected in Iowa, 
404 
time of flights, 398 
p_ balia, 397 
P. congriw, 397 
in Iowa, 400 
P. crerw,lata, 397 
P. drakii, 397 
P. fosteri,, 397 
P. fraterna, 397 
P. fusca, 397 
P. futilis, 397 
P. hirticula, 397, 398, 399, 494 
P. hormi, 397 
P. iliois, 397 
P. implicita, 397 
P. inoorsa, 397 
P. margmalis, 397 
P. micans, 397 
P. mtida, 397 
P. prwnina, 397 
P. rugosa, 397, 494 
P. tristis, 397, 398, 399 
P. 1!ehemens, 397 
P. vilifrons, 397 
Physical - chemical properties o.f alcohol-
gasoline blends. I. Influence of al-
cohol concentration and of temperature 
upon the water-holding capacity, 461 
Physiological studies of the butyl-acetone 
group of bacteria. I. Gelatinolysis, 
93 
Phytolaccaceae (Pokeweed family), 205 
Pina.ceae (Pine family), 181 
Pith pulping, effect of caustic concentra-
tion on, 21, 22 
Plant lice in Iowa, 499 
Plant materials, furfural yielding con-
stituents of, 443 
method to determine, 449 
Platanaceae (Plant-tree family), 213 
Phl.ntaginaceae (Plantain family), 238 
Plate voltage supply, 167 
Polemoniaceae (Polemonium family), 231 
Pollen of Leguminosae, content, 50 
structure and content of, 43 
morphology of, 55 
structure of, 
Pollen, table of descriptions of, 51, 52, 53 
variations in Leguminosae, 54 
wall, 43 
Polygalaceae ( Milkwort family), 220 
Polygonaceae (Buckwheat .family), 202 
Polypodiaceae (Fern family), 179 
Polysaccharides, 123 
literature of, 119 
Pontederiaceae (Pickerel-weed family), 
195 
Portulacaceae (Purslane family), 205 
Potamogetonaceae (Pond-weed family), 
182 
Potentials, redox, 163 
Potentiometer, electron tube, 111, 168 
Primulaceae (Primrose family), 228 
Properties of alcohol blends, physical· 
chemical, 461 
Protopectin, 471 
Pseudomonas fl1MYrescens, 454 
Ps. fragi, 454 
Ps. graveo1,ens, 454 
Ps. schwylkilliensis, 454 
Ps. syria;antha, 454 
Pteridophyta in Iowa State College 
herbarium, 179 
Pulp, from cornstalks, 28 
from oat straw, 28 
yield of, 28 
Pulping, agent, 25 
of cornstalk tissue, 18 
process, fibrous and pith tissue, 25, 28 
Pyrolaceae (Wintergreen family), 228 
Pyrrolidine, 478, 481 
Quantitative, chemical estimation of textile 
fibers, 57 
estimation of silk fibroin in weighted 
silk, 1 
Ra:ffinose, 122 
Ranunclaceae (Crow.foot family), 207 
Rana syl1!atica, 482, 484 
Rayon, cellulose acetate, 69, 72 
Redox equilibria in bacterial cultures, 163 
Regenerated cellulose, ·in presence of cotton 
cellulose, 65 
Resedaceae (Mignonette family), 212 
Resorcinol difuroate, 421 
difurylacrylate, 425 
Rhamaceae (Buckthorn family), 222 
Rhamnose, 134 
Ribose, 134 
Rosaceae (Rose family), 213 
Rotenone, insecticidal value of, 419 
Rubiaceae (Madder family), 238 
Rutaceae (Rue family), 220 
Saccharogenic enzymes, 253 
preparation of, 254 
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Salicaceae (Willow family), 198 
Salviniaceae, 180 
Santalaceae (Sandalwood family), 202 
Saxifragaceae (Saxifrage family), 212 
Screen voltage supply, 167 
Scrophulariaceae (Figwort family), 235· 
Sculptured tick, 35 
Seed-bearing plants, 181 
Sedosan, 126 
Selaginellaceae, 181 
Serratia marcescens, 454 
Silk fibroin, ash of, 2 
Silk fibroin in weighted silk, 1 
Silk, weighted, 6 
effect of on cotton, 58, 59 
percentage o.f fibroin in, 8 
loss of nitrogen in, 8 
tin-phosphate, weighted, 6 
Simarubaceae ( Quassia family), 220 
Simple, inexpensive electron tube potentio· 
meter for use with the glass electrode, 
111 
Sodium oleate, as insecticide, 479 
Soils, oxygen absorption in, 153 
Solanaceae (Nightshade family), 234 
Solvents, cellulose, 60 
effect of on wool, 70, 71 
differential, for cellulose acetate rayon, 
76, 77 
rayon, 60 
silk, 58, 59 
wool, 57 
Sparganiaceae (Bur-reed family), 182 
Spermatophyta, represented in Iowa State 
Oollege herbarium, 181 
Stability of ethylene glycol in acid solu-
tions, 383 
Staphyleaceae (Bladder Nut family), 221 
Starch and glycogen, 123 
Streptocorou.s lactis, 453 
Storage, tomatoes in, 467 
Stress problem, 388 
Ritz's method, 389 
Trefftz method, 390 
Structure and content of the pollen of 
some Leguminosae, 43 
Studies on a color defect in butter, 487 
Study of the starch-digesting and sugar· 
forming enzymes of wheat, 253 
Study on the use of arsenical dust for the 
control of June beetles, 493 
Succinic acid derivatives, 133 
Sucrose, 119 
Sugars, alkylated products of, 119 
Sulphur dioxide, action on butter of, 490 
Synthetic disaccharides, 121 
Taxaceae (Yew family), 181 
Taxonomic position of an aroma-producing 
mold, 433 
Technique for the growth of lemna under 
sterile conditions with controlled tern· 
perature and light, 13 
Tetrahydrofurfuryl cinnamate, 427 
dichloroacetate, 427 
oxalate, 426 
salicylate, 426 
trimethylacetate, 421 
Tetrahydrofurylpropyl oxalate, 426 
Tetramethyl, glucoses, 146 
mannoses, 138 
Tetrasaccharides, 122 
Tetrose derivatives, 133 
Textile fibers, quantitative chemical estima-
tion of, 57 
2- Thio-ethyl glucose, 141 
ThUrridw.m ilelicatutwm, host to apple grain 
aphid, 500 
Thymelaeaceae (Oleaster family), 225 
Tiliaceae (Linden family), 223 
Time of exposure and temperature as lethal 
factors in the death of oocysts of 
Eimeria mi-yairii, a coccidium of the 
rat, 505 
Tin-phosphate-silicate weighting, 4, 7 
Tomatoes, keeping qualities and rate of 
pectic change, 4 7 4 
ripeness of, for storage, 470 
Total nitrogen of silk fibroin, 3 
Toxic values for nicotine, 483 
Toxicity data for Aphis rwmicis, 479, 480 
Treatments of :fibrous material, table of, 19 
Trehalose, 121 
Tri- and tetra-alkylated glucose derivatives, 
144 
Triethyl cellulose, 125 
Trimethyl cellulose, 125 
galactoses, 137 
glucoses, 144 
mannoses, 138 
Triose derivatives, 133 
Trisaccharides, 122 
Turanose, 121 
Two-dimensional elastic problems, 387 
Typhaceae (Cat-tail family), 182 
Ulmaceae (Elm family), 201 
Umbelliferaceae (Parsley family), 226 
Unweighted silk, 6 
Urticaceae (Nettle family), 201 
Use of ammonium hydroxide as a pulping 
agent for the grasses, 25 
Vacuum-tube potentiometers, materials for 
assembly of, 168 
Valerianaceae (Valerain family), 239 
Van 't Hoff-Arrhenius equation, application 
of, 509 
Variational problem, direct method of solv-
ing, 388 
Verbenaceae (Vervain family), 232 
Violaceae (Violet family), 224 
Vitaceae (Vine family), 222 
Voltage sensitivity, 165 
Voltage suply, grid, 167 
plate, 167 
screen, 167 
Water alcohol and ethylene glycol, distilla-
tion of, 384 
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Water-holding capacity of alcohol-gasoline 
blends, 461, 462, 463 
temperatures for, 465 
Weighted silk, 1 
Weighting agents, 1 
Weighting of silk, determination of, 4 
Winter survival in Iowa of plant lice, 499· 
Wool solvents, 69, 70, 71 
Wool solvents, 57 
potassium hydrnxide, 57 
Xylan, 123, 448 
Xylan-a=onium chloride agar, use of, 408 
Xylan, bacteria fermenting, 407 
of agricultural wastes, 407 
quantitative determination of, 408 
Xylose, 135, 448 
distillation of, 446 
ratio of, to phloroglucid, 443 
Zygophyllaceae (Caltrop family), 220 
